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SUMMARY SHEET

Total Maximum Daily Load (TMDL) for pH and Iron in
South Fork Cumberland River Watershed (05130104)

Impaired Waterbody Information

State: Tennessee

Counties: Scott

Watershed:  South Fork Cumberland River (HUC 05130104)

Constituents of Concern: pH and Iron

Impaired Waterbodies Addressed in This Document:
W Miles

aterbody ID Waterbody Impaired

TN05130104050 — 1000 BEAR CREEK* 2.6
TN05130104050 — 0100 EAST FORK BEAR CREEK 5.7

*Portions of this waterbody lie in another state. This TMDL only address the portion of Bear Creek
located in Tennessee.

Designated Uses:

The designated use classifications for waterbodies in the South Fork Cumberland River
Watershed include fish and aquatic life, irrigation, livestock watering & wildlife, and
recreation.

Water Quality Targets:

Derived from State of Tennessee Water Quality Standards, Chapter 1200-4-3, General
Water Quality Criteria, January, 2004

The pH value shall lie within the range of 6.0 to 9.0 and shall not fluctuate
more than 1.0 unit in this range over a period of 24 hours.

Derived from National Recommended Water Quality Criteria (USEPA, 2006):

Iron, total* 1000 pg/L

*Tennessee does not have a numeric water quality criterion for iron. However,
TDEC believes that meeting the above criteria will satisfy the requirement that
“waters shall not contain substances or a combination of substances including
disease-causing agents which, by way of either direct exposure or indirect exposure
through food chains, may cause death, disease, behavioral abnormalities, cancer,
genetic mutations, physiological malfunctions (including malfunctions in
reproduction), physical deformations, or restrict of impair growth in fish or aquatic life
or their offspring”.




TMDL Scope:
Waterbodies identified on the Final 2006 303(d) list as impaired due to pH and iron.

Portions of Bear Creek are located in Kentucky. This TMDL only addresses the portion of
Bear Creek located in Tennessee. Kentucky surface water standards for pH and iron are
similar to the criteria applied in this TMDL. Therefore, TDEC believes that meeting the
Tennessee water quality criteria will also enable Bear Creek to meet the Kentucky surface
water standards at the Tennessee/Kentucky state line.

Analysis of monitoring data for Bear Creek and East Fork Bear Creek suggests that they are
still impaired for pH and iron. Analysis of monitoring data for West Fork Bear Creek
suggests that itis also impaired for pH and iron. At this time, listing is suggested West Fork
Bear Creek for pH and iron.

Analysis/Methodology:

Net alkalinity was used as a surrogate for pH. The net alkalinity TMDL for impaired
waterbodies in the Bear Creek subwatershed was developed using a load duration curve
methodology to assure compliance with the target net alkalinity of 10.8 mg/L (see Figure S-
1 and Appendices C & D), which will provide a pH within the criteria range of 6.0 —9.0. A
duration curve is a cumulative frequency graph that represents the percentage of time
during which the value of a given parameter is equaled or exceeded. Load duration curves
are developed from flow duration curves and can illustrate existing water quality conditions
(as represented by loads calculated from monitoring data), how these conditions compare to
desired targets, and the region of the waterbody flow regime represented by these existing
loads.

The TMDLs for net alkalinity and iron in the South Fork Cumberland River watershed are
summarized in the following table.

Critical Conditions:

Water quality data collected over a period of 10 years for load duration curve analysis
were used to assess the water quality standards representing a range of hydrologic and
meteorological conditions.

Seasonal Variation:

The 10-year period used for LSPC model simulation period for development of load
duration curve analysis included all seasons and a full range of flow and meteorological
conditions.

Margin of Safety (MOS):

Implicit (conservative modeling assumptions) and explicit (10% of the water quality criteria
for each individual metal for each impaired subwatershed or drainage area).




Summary of TMDLs, WLAs?, & LAs expressed as daily loads for Impaired Waterbodies
in the Bear Creek Subwatershed (part of HUC 05130104)

impaired Waterbod TMDL Explicit MOS LAs
mpalreN aterbody Impaired Waterbody ID Constituent
ame
[Ibs/day] [Ibs/day] [lbs/day]
Net Alkalinity 581x10'*Q NA® 581x10'*Q
Bear Creek (mainstem) TNO05130104050 — 1000
Iron 5.38*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10'*Q NA® 581x10'*Q
East Branch Bear Creek | TN05130104050 — 0100
Iron 5.38*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10'*Q NA® 581x10'*Q
et Branch Bear TN05130104050 — 0200
ree Iron 5.38*Q 5.38x10"*Q 4.842*Q
Notes:  NA = Not Applicable.

Q = Mean Daily Flow (cfs).

a. There are currently no point sources in the Bear Creek Subwatershed; therefore, there is no required load reduction for point sources
(WLA). Any future point sources must meet instream water quality standards at the point of discharge as specified in their NPDES

permit.
b. For development of net alkalinity TMDLs, an implicit MOS was incorporated through the use of conservative modeling assumptions

(see Section 7.2).
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pH and IRON TOTAL MAXIMUM DAILY LOAD (TMDL)
SOUTH FORK CUMBERLAND RIVER WATERSHED (HUC 05130104)

1.0 INTRODUCTION

Section 303(d) of the Clean Water Act requires each state to list those waters within its boundaries
for which technology based effluent limitations are not stringent enough to protect any water quality
standard applicable to such waters. Listed waters are prioritized with respect to designated use
classifications and the severity of pollution. In accordance with this prioritization, states are
required to develop Total Maximum Daily Loads (TMDLs) for those water bodies that are not
meeting designated uses. The TMDL process establishes the allowable loadings of pollutants or
other quantifiable parameters for a waterbody based on the relationship between pollution sources
and in-stream water quality conditions, so that states can establish water quality based controls to
reduce pollution from both point and non-point sources and restore and maintain the quality of their
water resources (USEPA, 1991a).

2.0 WATERSHED DESCRIPTION

The South Fork Cumberland River Watershed (HUC 05130104), also referred to as the Big South
Fork Watershed, is located in middle and eastern Tennessee and Kentucky (Figure 1). This
document addresses only the portion of the watershed located in Tennessee. The South Fork
Cumberland River Watershed falls within three Level Il ecoregions (Southwestern Appalachians,
Central Appalachians, and Interior Plateau) and contains four Level IV subecoregions (USEPA,
1997) as shown in Figure 2:

¢ Cumberland Plateau (68a) tablelands and open low mountains are about 1000 feet
higher than the Eastern Highland Rim (71g) to the west, and receive slightly more
precipitation with cooler annual temperatures than the surrounding lower-elevation
ecoregions. The plateau surface is less dissected with lower relief compared to the
Cumberland Mountains (69d) or the Plateau Escarpment (68c). Elevations are generally
1200-2000 feet, with the Crab Orchard Mountains reaching over 3000 feet.
Pennsylvanian-age conglomerate, sandstone, siltstone, and shale is covered by well-
drained, acid soils of low fertility. Bituminous coal that has been extensively surface and
underground mined underlies the region. Acidification of first and second order streams
is common. Stream siltation and mine spoil bedload deposits continue as long-term
problems in these headwater systems. Pockets of severe acid mine drainage persist.

¢ Plateau Escarpment (68c) is characterized by steep, forested slopes and high velocity,
high gradient streams. Local relief is often 1000 feet or more. The geologic strata include
Mississippian-age limestone, sandstone, shale, and siltstone, and Pennsylvanian-age
shale, siltstone, sandstone, and conglomerate. Streams have cut down into the
limestone, but the gorge talus slopes are composed of colluvium with huge angular,
slabby blocks of sandstone. Vegetation community types in the ravines and gorges
include mixed oak and chestnut oak on the upper slopes, mesic forests on the middle and
lower slopes (beech-tulip poplar, sugar maple-basswood-ash-buckeye), with hemlock
along rocky streamsides and river birch along floodplain terraces.
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e The Cumberland Mountains (69d), in contrast to the sandstone-dominated
Cumberland Plateau (68a) to the west and southwest, are more highly dissected,
with narrow-crested steep slopes, and younger Pennsylvanian-age shales,
sandstones, siltstones, and coal. Narrow, winding valleys separate the mountain
ridges, and relief is often 2000 feet. Cross Mountain, west of Lake City, reaches
3534 feet in elevation. Soils are generally well-drained, loamy, and acidic, with low
fertility. The natural vegetation is a mixed mesophytic forest, although composition
and abundance vary greatly depending on aspect, slope position, and degree of
shading from adjacent land masses. Large tracts of land are owned by lumber and
coal companies, and there are many areas of stripmining.

o Eastern Highland Rim (71g) has level terrain, with landforms characterized as
tablelands of moderate relief and irregular plains. Mississippian-age limestone, chert,
shale and dolomite predominate, and karst terrain sinkholes and depressions are
especially noticeable between Sparta and McMinnville. Numerous springs and spring-
associated fish fauna also typify the region. Natural vegetation for the region is
transitional between the oak-hickory type to the west and the mixed mesophytic forests of
the Appalachian ecoregions to the east. Bottomland hardwoods forests were once
abundant in some areas, although much of the original bottomland forest has been
inundated by several large impoundments. Barrens and former prairie areas are now
mostly oak thickets or pasture and cropland.

The South Fork Cumberland River Watershed, located in Anderson, Campbell, Fentress, Morgan,
Pickett, and Scott Counties, Tennessee, has a drainage area of approximately 976 square miles
(mi®) in Tennessee. The entire watershed, including portions of Tennessee and Kentucky, drains
approximately 1,374 square miles. Watershed land use distribution is based on the Multi-
Resolution Land Characteristic (MRLC) databases derived from Landsat Thematic Mapper digital
images from the period 1990-1993. Although changes in the land use of the South Fork
Cumberland River Watershed have occurred since 1993 as a result of development, this is the most
current land use data available. Land use for the South Fork Cumberland River Watershed is
summarized in Table 1 and Figure 3. The Bear Creek subwatershed, located in McCreary (KY) and
Scott (TN) Counties, has a drainage area of approximately 23 square miles, 16 square miles of
which are in Tennessee. Land use for the Bear Creek subwatershed is also summarized in Table
1.
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Figure 2 South Fork Cumberland River Watershed Ecoregion Designation
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Table1 MRLC Land Use Distribution — South Fork Cumberland River Watershed
& Bear Creek Subwatershed

Bear Creek Bear Creek S. Fork Cumberland
Subwatershed River Watershed
Land use Subwatershed
(TN only) (KY & TN) (KY & TN)
(051301040405) (05130104)
[acres] [%] [acres] [%] [acres] [%]
Deciduous Forest 5,284 50.9 6,760 451 511,970 58.2
Emergent Herbaceous
Wetlands 0 0 0 0 37 0
Evergreen Forest 1,609 15.5 3,233 21.6 120,469 13.7
High Intensity
Commercial/Industrial/ 25 0.2 25 0.2 1,693 0.2
Transportation
High Intensity 16 0.1 16 0.1 151 0
Residential
Low Intensity Residential 27 0.3 27 0.2 3,391 04
Mixed Forest 3,155 304 4,624 30.9 196,148 22.3
Open Water 6 0.1 8 0.1 3,641 04
Other Grasses
(Urban/recreational) 0 0 0 0 1,925 02
Pasture/Hay 194 1.9 202 1.3 32,408 3.7
Quarries/Strip
Mines/Gravel Pits 0 0 0 0 296 0
Transitional 44 0.4 44 0.3 1,899 0.2
Row Crops 0 0 0 0 5,258 0.6
Woody Wetlands 0 0 0 0 393 0
Total 10,392 100.0 14,970 100.0 879,679 100.0
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Figure 3 South Fork Cumberland River Watershed Land Use Distribution
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3.0 PROBLEM DEFINITION

The State of Tennessee’s Final 2006 303(d) list (TDEC, 2006) was approved by the U.S.
Environmental Protection Agency (EPA), Region IV, in October of 2006. The list identified several
waterbodies in the South Fork Cumberland River watershed as not supporting designated use
classifications due, in part, to pH and iron associated with abandoned mines and resource
extraction. Information regarding formation of acid mine drainage (AMD) is contained in Appendix
A. An excerpt from the 2006 303(d) list is presented in Table 2. Impaired segments in the South
Fork Cumberland River Watershed are shown in Figure 4.

Table 2 2006 303(d) List — South Fork Cumberland River Watershed

Waterbody Impacted Waterbody County Miles/Acres | Cause Pollutant Source
ID Impaired
TNO05130104 | Bear Creek Scott 2.6 pH Abandoned Mining
050 — 1000 Loss of biological

integrity due to siltation
TNO05130104 | East Branch Bear Creek Scott 5.7 Iron Abandoned Mining
050 — 0100 pH

Loss of biological

integrity due to siltation

The designated use classifications for Bear Creek and East Fork Bear Creek and their tributaries
include fish and aquatic life, irrigation, livestock watering & wildlife, and recreation. Bear Creek has
been void of aquatic life since the late 1800s when coal mines were opened in the area.

Bear Creek was also identified on the State of Kentucky’s final 2004 303(d) list as not supporting
designated use classifications due to low pH associated with resource extraction (surface and
subsurface mining). Kentucky surface water standards for pH and iron are similar to the water
quality criteria applied in this TMDL. Therefore, TDEC believes that meeting the Tennessee water
quality criteria will enable Bear Creek to meet the Kentucky surface water standards at the
Tennessee/Kentucky state line.
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Figure 4 Bear Creek Subwatershed pH- and Iron-Impaired Segments
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4.0 TARGET IDENTIFICATION

The allowable instream range of pH for the South Fork Cumberland River watershed, is established
in State of Tennessee Water Quality Standards, Chapter 1200-4-3 General Water Quality Criteria,
January, 2004 (Revised) (TDEC, 2004) for applicable use classifications. The Fish & Aquatic Life
criteria pH range for “all other wadeable streams” of 6.0 to 9.0 is the most stringent for the
waterbodies covered by this TMDL. The criteria were approved by the Environmental Protection
Agency (EPA) in September 2004.

According to the Pennsylvania Department of Environmental Protection (PDEP, 1998), the “acidity
or net alkalinity of a solution, not the pH, is probably the best single indicator of the severity of
AMD.” In order to facilitate analysis of existing pollutant loads and load reductions required to
restore the South Fork Cumberland River watershed to fully supporting all of its designated use
classifications, net alkalinity will be used as a surrogate parameter for TMDL development. For the
purposes of this TMDL, the following terms are defined:

Acidity The quantitative capacity of a water to react with a strong base to a
designated pH. Expressed as milligrams per liter calcium carbonate.

Total Alkalinity A measure of the ability of water to neutralize acids. Expressed as
milligrams per liter calcium carbonate.

Net Alkalinity The total alkalinity minus the acidity. Expressed as milligrams per

liter calcium carbonate.

Since there is no specified numerical criterion for net alkalinity, a net alkalinity of 10.8 mg/l CaCOs3,
was selected as the numerical target for this TMDL based on analysis of all available monitoring
data for Tennessee (see Appendix C). In order to characterize net alkalinity (as CaCO3) over the
range of flow conditions encountered in the subwatershed, the target net alkalinity (as CaCQOs) is
expressed by means of a target load duration curve. The target load duration curve, developed in
Appendix D, is presented in Figure 5. In order to meet Tennessee Water Quality Standards for pH,
this TMDL requires that net alkalinity (as CaCQO3) loads of streams in the Beer Creek subwatershed
meet, or exceed, the loads per unit area specified in the target load duration curve.

There is currently no numerical criterion for iron established in State of Tennessee Water Quality
Standards, Chapter 1200-4-3 General Water Quality Criteria, January 2004 (Revised) (TDEC,
2004). U.S.EPA has published National Recommended Water Quality Criteria (USEPA, 2006).
The recommended Criterion Continuous Concentration (CCC) for iron for the protection of fish &
aquatic life is 1000 ug/L (1.0 mg/L) and has been selected as the appropriate numeric target for the
Bear Creek subwatershed. TDEC believes that meeting this criterion will satisfy the requirement
that “waters shall not contain substances or a combination of substances including disease-causing
agents which, by way of either direct exposure or indirect exposure through food chains, may cause
death, disease, behavioral abnormalities, cancer, genetic mutations, physiological malfunctions
(including malfunctions in reproduction), physical deformations, or restrict of impair growth in fish or
aquatic life or their offspring”.

In accordance with the guidance in Technical Support Document For Water Quality-based Toxics
Control (USEPA, 1991b), fish & aquatic life criteria are interpreted to mean that the 1-hour average
exposure should not exceed the Criterion Maximum Concentration (CMC) and the 4-day average
exposure should not exceed the Criterion Continuous Concentration (CCC). Excursions of CMCs &
CCCs should not exceed a frequency of once every three years.
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5.0 WATER QUALITY ASSESSMENT AND DIFFERENCE FROM TARGET

Water quality monitoring of the Bear Creek Subwatershed has been conducted by a variety of
entities. In the 1980s, monitoring was conducted by personnel from the National Park Service.
(See Table B-1 and Figure B-1.) In 1995, monitoring was conducted by personnel from the Fish &
Wildlife Service as part of an environmental assessment of the Bear Creek Watershed (USDA,
1997). (See Table B-2 and Figure B-1.) Personnel from the Office of Surface Mining have
conducted monitoring during the period from 3/21/00 through 5/16/06 as part of a reclamation effort.
(See Table B-3 and Figure B-2.)

The locations of all monitoring stations were compared and, whenever possible, sites were paired
to allow for comparison of historic monitoring data with more recent monitoring data. The following
monitoring stations, grouped by drainage area, were compared to determine whether improvement
had occurred (see Figure 6 and Appendix F).

Mainstem Bear Creek
e Bear Creek d/s of confluence of East Branch & West Branch Bear Creek

36°34'57”N, 84°31'04"W

BISO_NPS_BR-3 36°35'35”N, 84°31°09"W
o Bear Creek at USGS gage 36°37'37”N, 84°32’'00"W
BISO_NPS_BR-1 36°37°32”N, 84°32'01"W
East Branch Bear Creek
e 1 — Chick House Out 36°32'51”N, 84°29'49"W
CH3G 36°32'51”N, 84°29'50"W
¢ 13 — Chick House Road (Previt Branch) 36°33'22”N, 84°30°49"W
PB1 36°33'34”N, 84°31'09"W
PB2 36°33'31”N, 84°30°'58"W
e 15— East Phase 5 Out 36°32'55”N, 84°29'50"W
CH6 36°32'55”N, 84°29'51"W
West Branch Bear Creek
e 5 — Atomic School Road 36°32'26"N, 84°31°'39"W
WB1 36°32'26"N, 84°31°'40"W
e 8—West4 Out 36°33’17”N, 84°31°23"W
WB8 36°33'08”N, 84°31°21"W
e 10 — Phillips 10 36°32'46”N, 84°31°20"W
WB6 36°32'47”N, 84°31°20"W
e 11— Phillips 11 36°32’'34”N, 84°31'11"W
WB4 36°32’'35”N, 84°31'11"W
e 12 —Phi 12/West 3 36°32'28”N, 84°31°04"W

WB3 36°32'28”N, 84°31’05"W
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Statistics for recent water quality monitoring results are summarized in Table 3. The linkage
between pH and net alkalinity is presented in Table 4. Exceedances of the pH criterion are
indicated in red. Note that 90% of the time, when a pH exceedance occurred, the net alkalinity was
less than the target net alkalinity.

Bear Creek and East Branch Bear Creek were identified on the Final 2006 303(d) list as impaired
due to pH and iron (East Branch only). Analysis of monitoring data for Bear Creek and East Branch
Bear Creek suggests that they are still impaired. At this time, Bear Creek and East Branch Bear
Creek should remain listed. Analysis of monitoring data for West Branch Bear Creek suggests that
it is impaired for pH and iron. At this time, listing is suggested for West Branch Bear Creek.

M
Bear Creek @ gage
BISO NPS BR-1 A ! W E
2
Bear Creek
BISO NPS BR-3
S e Bear Creek dfs confluence
West Branch ‘s = A -
Bear Creek East Branch
Bear Creek
PB1
_ PB2
8 WWest 4 Out) 13 (Previt Branch)
WES
10 (Phillips 103 !’4 LAY, 15 (East Phase 5 Out)
WEE ; CHBE
= l 1 (Chick H Out
11 (Phillips 11) ; CI(-|SG|vC paee-OL]
WyB4 Sy
5 (Atomic School 4 12 (Phi 12/West 3)
WB1 . WE3
1 0 1 2 Miles
s ™ e |

« OSM Monitoring Stations
~ Baseline Monitoring Stations
Bear Creek NHD
[ ] Bear Creek Watershed

Figure 6 Bear Creek Subwatershed Monitoring Stations
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Monitoring :
. Target Min. Avg. Max.
Station Date Range Parameter IIF))?;a arge n Ve ax No;rI:;(c;ed.
No.| Description : (ug/L) (ng/L) (ng/L) (ng/L) 9
Bear Creek at a
USGS gage 2001 — 2006 pH 9 6.0-9.0 5.47 6.05 7.09 2
(in KY) Iron 9 1000 90 333 1370 1
Bear Creek
(confluence of 2001 — 2003 pH? 3 6.0-9.0 5.59 5.74 6.15 2
East Branch &
West Branch) Iron 4 1000 80 195 390 0
13 [Chick House Rd.| 0 oq0s pH @ 12 6.0-9.0 3.54 4.13 5.70 12
(Previt Branch) Iron 12 1000 390 2033 12900 4
15 [EastPhase 5 2001 — 2006 pH @ 12 6.0-9.0 3.58 4.11 6.69 11
Out Iron 12 1000 160 1509 4040 7
a
1 [Chick House Out| 2000 — 2006 P 14| 6090 3.8 4.63 645 19
Iron 14 1000 350 2001 2410 6
5 {tomic School | 000 5006 pH ° 14 6.0-9.0 3.59 4.19 6.99 13
Road Iron 14 1000 280 2213 9800 8
8 \West 4 Out 2000 — 2006 pH 2 14 6.0-9.0 2.69 3.34 4.96 14
Iron 13 1000 11 8502 26000 12
a
10 Phillips 10 2001 — 2006 pH 10 6.0-9.0 3.51 4.16 7.06 4
Iron 10 1000 1380 3468 12000 10
a
11 Phillips 11 2001 — 2006 pH 10 6.0-9.0 3.60 458 6.47 4
Iron 10 1000 3100 22495 69750 10
a
12 IPhi 12/West 3 | 2001 — 2006 pH 11 6.0-9.0 3.51 4.36 6.85 6
Iron 12 1000 50 1019 3900 3

@ pH is expressed in standard units (s.u.); average is calculated by converting to microequivalents per liter of the hydrogen ion concentration.
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Montoring Parameter | Unitz Sample Date
Site 200 A 300 A2 | B0 | W2E-2902 B T-12002 | TWER02 | 2P20-25 03| BE TS | B2F-2805 | WG 2T04 | T 204 | B2 2505 | SR TR06
Bear Creek [ilal - 547 585 5.30 6.15 7.09 6.58 610 5.02 6.58
(i@ gage) Met & kalinity | mgl® -13.00 13.00 -35.00 -1.00 -11.00 7.00 -16.00 -4.00 7.00
Bear Creek pH -- A== B.15 559
(@ confluence) | Met Alkalinity | mol® -16.00 21.00 17.00 -10.00
Site 13 fH - 4.99 4,12 3.54 4.895 5.54 4.435 4.25 5270 5.0 4.52 3.87 354
(Prevt Branch | Met Alkalinity [mgl® -50.00 -40.00 -30.00 -57.00 -22.00 -25.00 -20.00 -45.00 -33.00 -42.00 -36.00 -35.00
Site 15 [ilal - 4.30 5.82 362 5.37 442 406 3.72 6.69 358 4.59 482 4 96
(Eaist Phase 5 Out) |Met Alkalinity | mgil® -110.00 19.00 -70.00 -25.00 -50.00 -64.00 -70.00 40,00 -72.00 -50.00 -21.00 24.00
Site 1 pH -- 3.0 5.28 4.40 4.96 4.45 5.07 596 4.61 4.54 5.45 5.20 .71 5.09 .54
(Chick House Out) [ Met Alkalinity | mal®||  -4000 -65.00 -55.00 -159.00 -64.00 -4.00 21.00 -70.00 -20.00 190.00 20.00 25.00 11.00 15.00
Site 5 [ilal - 380 3.81 383 416 3589 4 GG 452 5.18 5.99 4 60 4 GE 4 96 5.89 435
[Atomic School R | Met Alkalindy | mogl®||  -36.00 -63.00 -60.00 -70.00 -15.00 -50.00 -39.00 -32.00 13.00 -40.00 -37.00 -13.00 -19.00 -25.00
Site § pH - 340 3.80 3.32 506 3.27 376 310 3.83 376 375 386 4 96 3.37 2.E9
(Wviest 4 Out) Met &kalinity | mgl® -115.00 -13000 | -140.00 | -76.00 -25.00 -340.00 -100.00 -51.00 -1:30.00 -67.00 -10.00 -54.00 -56.00
Site 10 pH -- 354 4.80 351 .64 5.52 7.04 705 E.57 5.73 5.93
(Phillips 107 Met & kalinity | mgl® -20.00 -53.00 -50.00 -70.00 70.00 a6.00 40.00 71.00 75.00 §0.00
Site 11 [ilal - 360 6.20 5.40 647 527 5.30 5.79 5499 5.49 5.50
(Phillipz 117 et Alkalinity | mgl® -350.00 50.00 -53.00 34.00 7.00 E5.00 -34.00 30.00 27.00 75.00
Site 12 pH - 005 E.44 351 E.79 5.92 5.02 426 E.7S 403 .25 5.67 555
(Phi12nest 33 |Met Alkalinity [mad® -29.00 15.00 -27.00 34.00 20.00 -4.00 -20.00 106.00 -20.00 -11.00 -9.00 12.00

a

mol Calo,
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6.0 SOURCE ASSESSMENT

An important part of the TMDL analysis is the identification of individual sources, or source
categories, of low pH and high metals in the watershed and the amount of pollutant loading
contributed by each of these sources. Sources are broadly classified as either point or non-point
sources. A point source can be defined as a discernable, confined, and discrete conveyance from
which pollutants are or may be discharged to surface waters. Non-point sources include all other
sources of pollution.

6.1 Point Sources

There are 32 facilities in the South Fork Cumberland River Watershed that have NPDES permits
authorizing the discharge of wastewater due to mine operations. None of these facilities are
located in the Bear Creek subwatershed.

6.2 Non-point Sources

There are a number of abandoned surface mining sites in the South Fork Cumberland River
watershed that are susceptible to the formation of acid mine drainage as discussed in Appendix A.
In the 2006 303(d) List (ref.: Table 2), abandoned mining was identified as the source of low pH and
high metals in several impaired waterbodies in the watershed.
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7.0 DEVELOPMENT OF TOTAL MAXIMUM DAILY LOAD

The Total Maximum Daily Load (TMDL) process quantifies the amount of a pollutant that can be
assimilated in a waterbody, identifies the sources of the pollutant, and recommends regulatory or
other actions to be taken to achieve compliance with applicable water quality standards based on
the relationship between pollution sources and in-stream water quality conditions. A TMDL can be
expressed as the sum of all point source loads (Waste Load Allocations), nhon-point source loads
(Load Allocations), and an appropriate margin of safety (MOS) which takes into account any
uncertainty concerning the relationship between effluent limitations and water quality:

TMDL = X WLAs + £ LAs + MOS

The objective of a TMDL is to allocate loads among all of the known pollutant sources throughout a
watershed so that appropriate control measures can be implemented and water quality standards
achieved. 40 CFR §130.2 (i) states that TMDLs can be expressed in terms of mass per time (e.g.
pounds per day), toxicity, or other appropriate measure.

71 TMDL Representation

In general, waterbodies become impaired due to excessive loading of particular pollutants that
result in concentrations that violate instream water quality standards. A TMDL establishes the
maximum load that can be assimilated by the waterbody, without violating standards, and allocates
portions of this load to point and non-point sources. This normally involves reductions in loading
from existing levels, with WLAs & LAs of zero load reduction as the ideal.

The use of net alkalinity as a surrogate parameter, however, requires a different approach. Existing
levels of net alkalinity in impaired subwatersheds may be negative, while target values are positive.
The concept of a “maximum net alkalinity load” does not appropriately represent the desired target
condition with respect to AMD caused impairment. Net alkalinity targets can be achieved by
reducing acidity, increasing total alkalinity, or some combination of both.

The net alkalinity TMDL for the South Fork Cumberland River watershed is considered to
correspond to the target load duration curve (see Figure 5) as developed in Appendix D.

7.2 Margin of Safety

There are two methods for incorporating an MOS in the analysis: a) implicitly incorporate the MOS
using conservative model assumptions to develop allocations; or b) explicitly specify a portion of the
TMDL as the MOS and use the remainder for allocations.

For development of net alkalinity TMDLs, an implicit MOS was incorporated through the use of
conservative modeling assumptions. These include: 1) the use of a 10-year continuous simulation
that incorporates a wide range of meteorological events, 2) the use of the load duration curve,
which addresses pollutant loading over the entire range of flow, and 3) the use of a positive net
alkalinity target of 10.8 mg/L based on analysis of all available monitoring data for Tennessee (see
Appendix C).

For development of iron TMDLs, an explicit MOS, equal to 10% of the water quality targets (ref.:
Section 4.0), was utilized for determination of WLAs and LAs:
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Instantaneous Maximum for Iron MOS = 100 mg/L
7.3 Determination of Total Maximum Daily Loads

The TMDLs for net alkalinity and iron in the South Fork Cumberland River watershed are presented
in Table 5. The TMDLs can also be represented by the target load duration curves developed in
Appendix D (ref: Figures D-2 thru D-4). The target load duration curves were developed on a unit
area basis and are applicable for all impaired subwatersheds.

7.4 Determination of WLAs, & LAs

As previously stated, the TMDL can be expressed as the sum of all Waste Load Allocations
(WLAs), Load Allocations (LAs), and an appropriate margin of safety (MOS).

For waterbodies with no active mining operations, the WLA and the LA for pH are equal to the
TMDL for pH. The TMDL, WLA, and LA for pH, using net alkalinity as a surrogate for pH, are
summarized in Table 5 and presented as a load duration curve in Figure 5.

For waterbodies with no active mining operations, there is no WLA and the LA for each metal is
equal to the TMDL - MOS. The TMDLs and LAs for iron in the Bear Creek subwatershed are
summarized in Table 5.

7.5 Seasonal Variation

The target load duration curves, the TMDLs, and LAs are applicable over the entire range of flow for
all waterbodies in the Bear Creek subwatershed in all seasons.
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Table 5 TMDLs, WLAs? & LAs expressed as daily loads for Impaired Waterbodies
in the Bear Creek Subwatershed (part of HUC 05130104)

Impaired Waterbod TMDL Explicit MOS LAs
P N Y Impaired Waterbody ID Constituent
ame
[lbs/day] [lbs/day] [lbs/day]
Net Alkalinity 581x10'*Q NA® 581x10'*Q
Bear Creek (mainstem) TN05130104050 — 1000
Iron 5.38*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10'*Q NA® 581x10'*Q
East Branch Bear Creek | TN05130104050 — 0100
Iron 5.38*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10'*Q NA® 581x10'*Q
Lres Branch Bear TNO5130104050 — 0200
ree Iron 5.38*Q 5.38x10"*Q 4.842*Q
Notes:  NA = Not Applicable.
Q = Mean Daily Flow (cfs).
a. There are currently no point sources in the Bear Creek Subwatershed; therefore, there is no required load reduction for point

sources (WLA). Any future point sources must meet instream water quality standards at the point of discharge as specified in their

NPDES permit.
b. For development of net alkalinity TMDLs, an implicit MOS was incorporated through the use of conservative modeling assumptions

(see Section 7.2).
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8.0 IMPLEMENTATION PLAN

Monitoring was conducted in 2000 thru 2006 for a number of waterbodies in the South Fork
Cumberland River watershed identified as impaired due to low pH and/or high metals. This
condition is a result of AMD from land disturbance caused by current and past coal mining activities.
Analysis of monitoring data for Bear Creek and East Fork Bear Creek suggests that, although
improvement is occurring, they are still impaired for pH and iron. Analysis of monitoring data for
West Fork Bear Creek suggests that it is also impaired for pH and iron. At this time, listing is
suggested West Fork Bear Creek for pH and iron.

Impaired subwatersheds were analyzed for individual metals using load duration curves. A load
duration curve (LDC) is a cumulative frequency graph that illustrates existing water quality
conditions (as represented by loads calculated from monitoring data), how these conditions
compare to desired targets, and the portion of the waterbody flow regime represented by these
existing loads. Load duration curves are considered to be well suited for analysis of period
monitoring data collected by grab sample. LDCs were developed at monitoring site locations in
impaired subwatersheds and an overall load reduction calculated to meet individual target
concentrations according to the methods described in Appendix D.

Individual metal load reductions were calculated for impaired segments using Load Duration Curves
to evaluate compliance with the target concentrations according to the procedure in Appendix D.
The load reductions at each monitoring site within the drainage area (East Branch, West Branch,
mainstem Bear Creek) were compared and the largest required load reduction was selected as the
load reduction for that drainage area. The load reductions for the Bear Creek Subwatershed are
summarized in Table 6.

Required LAs will be implemented in several steps to reduce acidity and/or increase total alkalinity
so as to result in an increase of instream net alkalinity. In order to meet Tennessee Water Quality
Standards for pH, this TMDL requires that net alkalinity (as CaCO3) loads of streams in the Bear
Creek subwatershed meet, or exceed, the loads per unit area specified in the target load duration
curve (ref.: Figure 5).

Step 1: Once sites have been identified, remediation plans will be developed
utilizing primarily passive treatment schemes (versus treatment by
chemical addition) to provide a long-term solution to stream impairment.
Remediation measures that have proved successful include, but are not
limited to:

Regrading of spoill

Isolation of acid producing material from water contact
Anoxic limestone drains

Constructed wetlands.

The Abandoned Mine Lands Section and the NPS Section of the DWPC
have expertise in the development of AMD remediation plans and have
completed a number of reclamation projects on abandoned mines in the
Tennessee coalfield. A number of these projects have included
measures designed to remediate acid production caused by land
disturbance due to past mining.
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Bear Creek watershed project planning for acid mine remediation for
abandoned coal mine sites in Scott County began in 1991. Eleven
agencies and groups have provided funding and support for ten sites that
have been reclaimed which represent treatment on over half of the acres
needing treatment. Initial reclamation demonstration projects — land
reshaping reclamation, installing anoxic drains, and constructing artificial
(buffer) wetlands — were completed at the end of FY 1992.

The BMPs were partially funded with three $25,000 section 319 grants to
Tennessee in FY 1990, 1991, and 1992. The AML Program has supplied
from $75,000 to $140,000 each year for BMP funding. The NPS Program
has also used section 319 funds, totaling $130,000, for pre- and post-
BMP monitoring. Tennessee has also received an additional $375,000 in
section 319 funds to complete the project and install the final
demonstration BMPs. The state AML Program will match these funds. A
special $15,000 U.S. Fish and Wildlife Service grant will support water
quality monitoring near an endangered mussel habitat. Additional
information regarding the Bear Creek watershed project is available at:
http://www.epa.gov/owow/NPS/Section3191/TN.html

One of the prominent examples of reclamation is occurring on a 160 acre
abandoned mine site, where 65 acres are being reclaimed as a
recreational park with soccer, baseball and softball fields. A public day
care center is also being located on the reclaimed site. An industrial park
will occupy the remaining acreage. NRCS is treating the water quality on
the site while the Town of Oneida is providing the funding for the
recreation and other infrastructure.

The Mining Section issues NPDES permits for discharges of wastewater
from coal and non-coal mines and, where applicable, Mining Law permits
to non-coal facilities in Tennessee. This section of the DWPC has
worked with a number of permitted mine sites across the state, offering
considerable technical advice in the remediation of problems similar to
those found in the Bear Creek subwatershed.

Step 2:  Conduct follow-on water quality testing of impaired waterbodies in the
Bear Creek subwatershed to verify the effectiveness of remediation
measures. Parameters should include flow, pH, acidity, total alkalinity,
and iron.

Additional monitoring is recommended at 6-12 month intervals at each of
the sites discussed in Section 5.0 and Appendix D:

Bear Creek at USGS gage

Bear Creek d/s confluence of East Branch & West Branch
East Branch Bear Creek at sites 1, 13, and 15

West Branch Bear Creek at sites 5, 8, 10, 11, and 12

Monitoring at inlets and seeps, while informative, is not necessary for the
purpose of this TMDL and may be discontinued at the discretion of the
sampling authority.

Step 3:  When monitoring confirms that pH and net alkalinity are meeting the
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targets established in Section 4.0, monitoring data for iron should be re-
examined to determine whether additional treatment will be required in
order to meet water quality standards for iron.

Table 6 Required Load Reductions for the Bear Creek Subwatershed

Iron
Monitoring Site Waterbody Name & ID % Reduction % Reduction
for TMDL for LA
@ gage NR =
s v |
TN5130104050 - 1000 NR NR
I(Dsrﬁ\élt1 Ig;anch s .
%f;tlgk1l)-louse Out c02 -
I(ESaif; I:g;ase 5 Out oo —
5?1%’[5? ga0n1c(;14lg§(a) r_COr ?85 80.2 82.2
gﬁ;n;School Rd. . —
v(vseitset g)OUt 93.4 941
fsr}lt”éaso;l ° 83.4 95.1
fsr}lt”éas'] ; 1 97.7 97.9
|(Dsh'lte:| ?/zv)veSt ’ 62.8 66.5
TNO5130104080 - 0200 | 977 07.9

* There are currently no point sources in the Bear Creek Subwatershed; therefore, there is no required load
reduction for point sources (WLA). Any future point sources must meet instream water quality standards at the
point of discharge as specified in their NPDES permit.
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9.0 PUBLIC PARTICIPATION

In accordance with 40 CFR §130.7, the proposed TMDL for the South Fork Cumberland River
Watershed will be placed on Public Notice for a 35-day period and comments solicited. Steps that
will be taken in this regard include:

1) Notice of the proposed TMDL will be posted on the Tennessee Department of
Environment and Conservation website. The announcement will invite public and
stakeholder comment and will provide a link to a downloadable version of the TMDL
document.

2) Notice of the availability of the proposed TMDL (similar to the website announcement)
will be included in one of the NPDES permit Public Notice mailings which is sent to
approximately 90 interested persons or groups who have requested this information.

3) A letter will be sent to water quality partners in the Bear Creek Watershed advising
them of the proposed TMDLs and their availability on the TDEC website. The letter
also will state that a written copy of the draft TMDL document will be provided upon
request. A letter will be sent to the following partners:

City of Oneida, TN

Scott County Commission

Kentucky Dept. of Environmental Protection, Division of Water —
Nonpoint Source Program

Scott County Soil Conservation District

US DOI - Fish & Wildlife Service

US DOI — National Park Service — Big South Fork (BISO)

US DOI - Office of Surface Mining

Tennessee Valley Authority

Tennessee Department of Agriculture — NRCS

Tennessee Wildlife Resources Agency

Tennessee Citizens for Wilderness Planning

Upper Cumberland Water Watch (Kentucky)

Bear Creek Watershed Alliance

Cumberland River Compact

Cumberland Coalition

The Nature Conservancy
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10.0 FURTHER INFORMATION

Further information concerning Tennessee’s TMDL program can be found on the Internet at the
Tennessee Department of Environment and Conservation website:

www.state.tn.us/environment/wpc/tmdl.htm

Technical questions regarding this TMDL should be directed to the following members of the
Division of Water Pollution Control staff:

Vicki S. Steed, P.E., Watershed Management Section
e-mail: vicki.steed@mail.state.tn.us

Bruce R. Evans, P.E., Watershed Management Section
e-mail: bruce.evans@mail.state.tn.us

Sherry H. Wang, Ph.D., Watershed Management Section
e-mail: sherry.wang@mail.state.tn.us




pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page 24 of 25

REFERENCES

Electronic Code of Federal Regulations (e-CFR). “Secondary Maximum Contaminant Levles®, 40
CFR §143.3. current as of May 5, 2006.

Lumb, A.M., McCammon, R.B., and Kittle, J.L., Jr., 1994. Users Manual for an expert system,
(HSPFEXP) for calibration of the Hydrologic Simulation Program —Fortran: U.S. Geological
Survey Water-Resources Investigation Report 94-4168,102 p.

PDEP. 1998. Coal Mine Drainage Prediction and Pollution Prevention in Pennsylvania.
Pennsylvania Department of Environmental Protection, Harrisburg, Pennsylvania. 5600-BK-
DEP2256, August 1998.

Rikard, Michael, Kunkle, Sam, and Wilson, Juliette, 1986. Big South Fork National River and
Recreation Area: Water Quality Report 1982-1984. Water Resources Division, National Park
Service, Colorado State University, Fort Collins, CO, August 1986.

Stiles, T., and B. Cleland, 2003. Using Duration Curves in TMDL Development and Implementation
Planning. ASIWPCA “States Helping States” Conference Call, July 1, 2003. This documentis
available on the Indiana Office of Water Quality website:
http://www.in.gov/idem/water/planbr/wgs/tmdl/durationcurveshscall.pdf .

TDEC. 2004. State of Tennessee Water Quality Standards, Chapter 1200-4-3 General Water
Quality Criteria, January 2004 (Revised). State of Tennessee, Department of Environment and
Conservation, Division of Water Pollution Control.

TDEC. 2006. Final 2006 303(d) List. State of Tennessee, Department of Environment and
Conservation, Division of Water Pollution Control, October 2006.

USDA. 1997. Watershed Plan/Environmental Assessment for the Restoration and
Enhancement of the Bear Creek Watershed, Scott County, Tennessee. USDA, Natural
Resources Conservation Service, Tennessee, September 1997.

USEPA. 1975. Development Document For Interim Final Effluent Limitations Guidelines for the
Coal Mining Point Source Category. U.S. Environmental Protection Agency, Washington,
DC. Publication Number 440175057, October 1975.

USEPA. 1991a. Guidance for Water Quality —based Decisions: The TMDL Process. U.S.
Environmental Protection Agency, Office of Water, Washington, DC. EPA-440/4-91-001,
April 1991.

USEPA. 1991b. Technical Support Document For Water Quality —based Toxics Control. U.S.
Environmental Protection Agency, Office of Water, Washington, DC. EPA-505/2-90-001.

USEPA. 1997. Ecoregions of Tennessee. U.S. Environmental Protection Agency, National Health
and Environmental Effects Research Laboratory, Corvallis, Oregon. EPA/600/R-97/022.



pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page 25 of 25

USEPA. 2001. Abandoned Mine Site Characterization and Cleanup Handbook. U.S.
Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, DC. EPA-530-R-01-002, March 2001.

USEPA. 2006. National Recommended Water Quality Criteria. U.S. Environmental Protection
Agency, Office of Water, Office of Science and Technology (4304T), Washington, DC. 2006.



pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page A-1 of A-3

APPENDIX A

Acid Mine Drainage
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Acid Mine Drainage Formation

The following information regarding acid mine drainage formation was taken from the U.S.
Department of Interior, Office of Surface Mining (OSM) website at www.osmre.gov/amdform.htm.
The first section on the Chemistry of Pyrite Weathering is reproduced below. Discussion of
subsequent sections can be found on the OSM website.

The formation of acid drainage is a complex geochemical and microbially mediated process.
The acid load ultimately generated from a minesite is primarily a function of the following
factors:

Chemistry

Microbiological Controls
Depositional environment

Acid/base balance of the overburden
Lithology

Mineralogy

Minesite hydrologic conditions

Chemistry of Pyrite Weathering

A complex series of chemical weathering reactions are spontaneously initiated when surface mining
activities expose spoil materials to an oxidizing environment. The mineral assemblages contained
in the spoil are not in equilibrium with the oxidizing environment and almost immediately begin
weathering and mineral transformations. The reactions are analogous to “geologic weathering”
which takes place over extended periods of time (i.e., hundreds to thousands of years) but the rates
of reaction are orders of magnitude greater than in “natural” weathering systems. The accelerated
reaction rates can release damaging quantities of acidity, metals, and other soluble components
into the environment. The pyrite oxidation process has been extensively studied and has been
reviewed by Nordstrom (1979). For purposes of this description, the term “pyrite” is used to
collectively refer to all iron disulfide minerals.

The following equations show the generally accepted sequence of pyrite reactions:

2 FeS, +70,+2H,0 5> 2 Fe?* + 4S0,> + 4 H* (Equation 1)

4Fe** +0,+4 H > 4 Fe* + 2 H,0 (Equation 2)

4 Fe* + 12 H,0 — 4 Fe(OH); + 12 H* (Equation 3)

FeS, + 14 Fe** + 8 H,0 — 15 Fe** +2 SO,* + 16 H* (Equation 4)

In the initial step, pyrite reacts with oxygen and water to produce ferrous iron, sulfate and acidity.
The second step involves the conversion of ferrous iron to ferric iron. This second reaction has

been termed the “rate determining” step for the overall sequence.

The third step involves the hydrolysis of ferric iron with water to form the solid ferric hydroxide
(ferrinydrite) and the release of additional acidity. This third reaction is pH dependent. Under very
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acid conditions of less than about pH 3.5, the solid mineral does not form and ferric iron remains in
solution. At higher pH values, a precipitate forms, commonly referred to as “yellowboy.”

The fourth step involves the oxidation of additional pyrite by ferric iron. The ferric iron is generated
by the initial oxidation reactions in steps one and two. This cyclic propagation of acid generation by
iron takes place very rapidly and continues until the supply of ferric iron or pyrite is exhausted.
Oxygen is not required for the fourth reaction to occur.

The overall pyrite reaction series is among the most acid-producing of all weathering processes in
nature.



pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page B-1 of B-18

APPENDIX B

Bear Creek Subwatershed Monitoring Data
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Table B-1 Bear Creek Monitoring Data (TVA)

BISO_NPS_BR-1 36 37" 32"N

Mouth of Bear Creek (in Kentucky) 84 32°01"W
Fest Units JV2 A2 & T82 WEES W3 83 | 4185 | B1AAS | BMl483 FEA83 685 Y83 133
pH - 56 53 51 47 4.5 47 5.4 4.7 45 52 56 5.4
Conductivity ukiHD 2800 1230 1400 1400 1380 760 1800 1900 2200 2100
Dizzolved Oxygen | mal 113 116 130 120 127 12.2 106 9.5 g.7 7.0 8.3
Flaw: cfz
Temperature Celsiuz 55 11.0 7.0 75 50 E.3 121 1.0 04 21.0 197 153
Acidity mg/L 21.00 990 16.90 12.80 1380 10.40 9.80 19.350 18.00 11.40 .70 18.40
Tatal Alkalinidy mipl 2.50 2.30 2.50 2.00 2.30 2.80 250 1.50 2.20 250 4.00 540
Sulfate miL 520 80.0 508 g7.0 BE.0 330 80.0 750 g0.0 510 150
Taotal Hardness moL 118 45 71 53 =1 45 29 74 55 79 72 52
TSS mgL
Turbidity MTU 09 39 15 4.3 15 35 97 1.7 5B 15 1.7 18
Aluminm ugilL
lron ugL 420 100 250 200 100 100 200 100 100 100 100 100
Lead Uil
Manganese ugL 2700 1900 GO0 1400 3400 3300 2500 250
Test Units 183 12055 e 2454 YEd | H2EE | BIWEE | BEEE | A1E84 YOG4 1vad | MEAN
pH -- 45 51 5.3 6.5 45 45 4.5 4.3 85 4.5 45
Conductivity ubiHZ 430.0 1210 165.0 91.0 1320 126.0 4790 2600 2100 3250 2550 180.0
Dizzolved Oxygen | mgl 100 111 137 120 121 122 95 95 78 a7 a3 106
Flasw: cfs
Tempersture Celsius 106 5.9 2.3 78 56 5.5 14.4 185 231 17.7 154 126
Acidity moL 29.30 9.40 14.20 13.00 1310 11.80 1780 2240 18.10 15.10 1460 1540
Total Alkalinity mg/L 230 3.70 220 1.50 150 2.80 150 0.00 0.00 1.70 2.00 230
Sulfate migiL aon 41.0 61.0 532.0 51.0 47.0 66.0 50.0 aon 50.0 aon 61.7
Total Hardness mipl 205 38 BS 34 47 43 BS 33 101 120 100 73
T5S gL
Turhidity NTU 0.4 6.3 1.0 120 31 18 049 21 1.0 6.3 34
Aluminum ugiL
Iron ugiL 100 100 100 100 100 200 100 100 100 100 250 140
Lead Uil
Manganese ugL g000 1500 3100 2600 2100 1700 3000 4000 250 3300 2500 25732
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Table B-1 (cont’d) Bear Creek Monitoring Data (TVA)

BISO_NPS_BR-3 36 35" 35"N

Bear Creek 300 ft. above Slaven Branch 84 31" 09™W
Test Linits PWWE2 | W8S | 22285 | F23E5 | #2285 | B85 | 685 | EHAS HEE3
pH -- 45 4.4 4.1 4.5 4.2 4.5 4.1 34 4.4
Conductivity uMHD | 3550 M00 | 2600 | 1800 | 1750 | 1650 2850 3200 F00
Dizsolved Owxygen | moil 91 137 11.8 131 M7 105 93 73 T4
Flovws cfs
Temperature Celziuz | 116 1.0 7o g 130 152 264 238
Acidity mgiL 1940 | 2730 | 1930 | 1540 | 1550 2510 30,00 19.80
Total &lkalinity mgiL 0.00 0.00 1.50 1.00 .00 .00 Q.00 1.00
Sulfate mgiL a0.0 ao.0 S0 77 720 g0.0 a0.0 a0.0
Total Hardness mgiL a0 102 75 B2 a0 103 136 123
T== misL
Turkidity MTL 40 14 35 241 22 1.4 1.0 (IRe]
Aluminum ugiL
Iron ugL 250 400 450 100 100 250 100 100
Lead UL
MWanganese Ll 3700 1500 1900 2600 7000 5400
Test Units [ 1285 | W2erad | 3384 | Dler8ed | 2084 | 2384 | &2Wa4 | 1054 | MIEAN
pH -- 34 5.5 4.2 45 4.2 4.3 4.2 4.1 42
Conductivity ubHD | 4900 1710 | 2710 | 3000 | 4500 | #4150 4200 2990
Dizsolved Owxygen | moil 9.3 126 11.8 104 g4 a1 85 25 101
Flovws cfs
Temperature Celzius [ 14.0 04 52 126 204 214 196 1541 13.7
Acidity mgiL 1620 | 30890 | 2520 | 3560 | 335.00 33.40 45,30 25,60
Total &lkalinity mgiL 0.00 0.00 0.00 .00 .00 .00 Q.00 020
Sulfate mgiL 4.0 ao.0 S0 g0 g0.0 g0.0 a0.0 a0.0
Total Hardness mgiL 201 a6 a5 104 150 157 145 165 115
T== miL
Turkidity MTL 1.3 58 arno nr ns oy 1.0 7E
Aluminum ugiL
Iron Ll as0 200 1600 250 350 200 200 S00 369
Lead UL
Manganese ugL 9900 2600 | 10000 | 4700 7a00 G000 100 000 2300




Table B-2

Bear Creek Baseline Data (1995}

Bear Creek Monitoring Data (USFWS)

pH and Iron TMDL
South Fork Cumberland River Watershed (HUC 05130104)

Site Units CHE CH3E a1 B3 1/ | BE 1B 5 Previt-Brl | Previt-Brs
I atitude JE-52-08 | BECRZBT | SECRECE | BECSALCE | BECIA-SS | BECRI-47 | BECSR085 | 3ECSE-34 | 3Ry
Longitude B 2050 [ B 20 50 | B3040 | BL31-05 [ B 3000 | BL53-20 | L3020 | AL 3009 | AL30-58
pH -- 3E 45 38 43 35 41 35 34 43
Conductivity LUHD 7150 5930 42810 2390 16600 177.0 7140 4550 3370
Digsolved Oxygen | moil

Flavy cfs

Temperature Celziuz

Acidity moiL 796 268 372 242 330 255 £9.2 525 19.5
Total Alkalinity miil ncd nicd nd nd ncd ncd ncd ncd ncd
Sulfate mgiL 3920 3930 1790 101.0 758 3500 1850 1760
Total Hardness migg/L

T=S migg/L 20 1.0 nicd ncd 20 nic nid 20 nd
Turkichity MTU

Aluminum gL 10700 FE0 359380 3040 55900 2960 7620 G730 2520
Iron gL 1600 10890 1530 365 19390 1040 3700 3080 409
hManganese gL 15700 ao20 g240 35980 45400 4460 13800 12100 5100
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BISO_NPS_BR-1

BISO_NPS_BR-3 5

Previt-Bri1

Previt-Br2
WWEE

CHE
CH3G

YWEB

YWB4

WWE 1

WE3

1 0 1 2 Miles
s ™ ey =)

s« Monitoring Stations (TVA & USFWS)
Bear Creek NHD

[] Bear Creek Watershed

Figure B-1 Bear Creek Monitoring Stations (TVA & USFWS)
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Table B-3 Bear Creek Monitoring Data (OSM)
1 - Chick House Chit 36 32°51™N
84 29 49"W
Test Unita 2W0 | 1F0 [ 220 | SN | WESDS | a0 | VIR0 | 205 | ele0D | BEE05 | WAed | T4 | eS| H1R0e
pH -- 3.80 5.28 4.40 4 .96 4.45 6.07 596 4 &1 4.34 6.45 6.20 5.7 6.09 554
Conductivity LUMHO 100.0 A0 397 .0 I70E 557 0 EBEY O 8233 457 5 4100 2560 4860 S46.0 5530 E24.0
Dizsaled Oxygen | moil 102 35 0E 0E 108 85 114 549 5.7 4.7 2.0
Flovay gpm 05 3950
Temperature Celziuz 9.90 2232 .20 17 B 724 30.00 1014 6.50 2229 2370 9.90 2680 13.96 1310
Acidity migil 40.00 7E.00 S5.00 23.00 54.00 20.00 .00 F0.00 20.00 0.00 0.00 0.00 .00 0.00
Total Alkalinity miil 0.00 10.00 0.00 4.00 0.00 16.00 26.00 0.00 0.00 18000 | 2000 2500 19.00 15.00
Sulfate miil 187 .5 2625 2300 2750 2500 2500 3400 as0 4.8 3040 2200 920 2330 2500
Total Hardness miil
T== mil
Turkiclity MTL
Alurminum UL 260 2560 1680 1420 250 280 1100 140 120 0 100 110 100 170
Iron UL E00 2410 350 1210 400 1380 G200 400 1500 12000 140 330 T20 320
Lead Ll
Manganese gL Fron 15600 9200 11200 S200 SE00 400 100 FE00 SE00 000 4770 Fran 3830
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Bear Creek Monitoring Data (OSM)

pH and Iron TMDL
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5 - Atomic School Road 36 32°26"N

84 317 39"W
Test Uinits F2U0Q | 900 | 220 | BT | VB2 | G202 | 1R | 22505 | 6 F0S | H2805 | 12600 | 2004 | S5 | BE06
pH -- 380 3.8 3.95 416 359 4 GG 452 518 £.99 4 50 4 BG 4 96 5.99 4 .35
Conductivity LMHD 5548 S960 | 2710 | 2455 | 3FF0 | 2860 | 5695 | 395 | 1885 | 4850 [ 3370 3830 20960 [ 4250
Diz=solved Oxygen | mol 14.0 52 24 24 11.4 6.5 11.4 5.9 BT 9.5 95
Flory gpim 5.0 101.3 452 1962.0 15
Temperature Celziuz | 1080 22E0 E.20 1589 | 1037 | 1990 [ 10 417 1905 | 2550 E.40 2110 17.05 | 1165
A ciclity moL 36.00 EG00 | BOOO | 7OOO | 1500 | S000 | 3900 | 3200 700 4000 | 37.00 15.00 2200 | 2500
Total Alkalinity mol 0.0a 0.00 0.00 0.0a 0.0a 0.00 Q.00 .00 20.00 0.00 0.00 200 300 .00
Sulfate mgL 137.5 207 .5 4.5 1687.5 g25 1825 | 2075 g82.5 52.0 164 .5 920 106.0 65.0 33.2
Total Hardness miil
T=S miil
Turbidity MTU
Alurminum gL a0 2190 260 1330 330 350 360 oo 150 SE0 250 240 100 23a0
Iron gL 00 Ea0 440 280 920 1600 2850 2260 4200 9200 2500 2500 1260 Ta0
Lead UL
hManganese gL 4600 13400 | 8200 | 14900 | S800 | 10000 | 54900 4680 3200 7700 5400 4700 4600 7200
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pH and Iron TMDL
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Bear Creek Monitoring Data (OSM)
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8 -West 4 - Out 36 337 17N

84 31" 23"W
Test Units FEU00 | 1300 | 2207 | e | VR0 | B0 | VA0 | FE405 | BOIE0S | BENRS | WER | INE0e | a0 | 306
pH -- .40 3.80 3.32 3.06 327 376 310 393 376 374 3.96 4 95 337 268
Conductivity LIMHC 3.8 16960 [ 4410 5364 5250 G300 (12260 | 6516 | 3002 [ 125580 | 367.0 454 0 G730 | 5750
Dizzolved Cxygen | mgll 156 1.0 03 0.0 11.0 6.5 1148 7.0 6.6 75 7.3
Floy gpm 3510 2160 20
Temperature Celzius | 1170 2280 712 18.50 860 2520 10419 5 E3 1958 | 2640 7.0 2480 1855 | 1630
Acidity gL 11500 | 13000 [ 14000 | 7600 28.00 [ 34000 [ 10000 [ 5100 | 13000 | &7.00 12.00 8400 | 5500
Total &lkalinity gL 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a n.0a 0.0a 0.0a 2.00 0.0a 0.0a
Sulfate moiL G00.0 260.0 3975 225 3575 2500 | 2500 g0.0 G69.0 100.0 164.0 2230 | 1975
Total Hardness miil
T=S miil
Turkiclity MTL
Alurninum gL 270 3050 4280 00 1000 4000 360 170 1240 350 a0 100 2520
Iran UL 4900 15700 [ 13200 5500 1770 | 26000 3600 2E00 11000 | EB700 10600 7EOO 1360
Lead UL
Manganese Ll 17000 | 14500 [ 17400 700 2000 | 13900 4530 2480 12000 | 4560 3530 00 4300
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OA - West 4 - In Pit 36 33" 18"N

84 31" 21°W
Test Linits SN | BEM | WREOZ | B0 | VIR | 22405 | GG | BEE0S | VAR | B2 | BEL05 | Bw0E
pH -- 3.35 3.27 3.35 3.23 4 .45 4.3 4.9 3.04 495 4 56 476 290
Conductivity LIMHC 2232 3284 355.0 4180 7704 1573 | 1302 [ 13200 [ 1570 326.0 303.0 5960
Dizzolved Oxygen | moil 3.2 0Aa 112 7.2 123 8.5 6.3 GE a6
Floeay gpm 221 144010 20 201 40
Temperature Celzius | Y06 15 60 11.05 24 .50 10.85 E.70 1750 | ME0 | 1040 27 .40 1551 12.50
A cidity mgiL 79.00 13600 | 7200 | 46200 | 24000 | 52.00 a.00 HEDD [ 3200 B1.00 57.00 70,00
Total Alkalinity mgL 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 2.00 n.0a 4.00 1.00 0.0a 0.0a
Sulfate mgiL 1.0 225 G4 .5 2750 3575 G0.0 4.0 540 G605 1565 79.5 119.0
Total Hardness mil
T== miil
Turkiclity MTL
Aluminum gL 530 3580 0 1560 1750 150 150 5200 350 350 100 14400
Iron UL 2420 10000 4020 JEOO | 28900 2000 2500 5000 | 4400 Ea00 14800 16400
Lead UL
Manganese L 4100 000 3950 5900 | 11800 EO0 00 17200 | 1700 4530 3660 4300




Table B-3 (cont’d)

pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)

Bear Creek Monitoring Data (OSM)

10 - Phillips 10 36 32" 46N
84 31" 20°W

Test Linits ZHEM | BEMY | WRENE | B2 | 1 WE02 | 2205 | WEGR | I | A0 | IE0E
pH -- 3.54 480 351 3.64 G52 7.04 7 .06 657 673 £.95
Conductivity LIMHC 109.0 1345 | 1420 259.0 3652 2321 194 .0 2570 | 3540 | 3TE0
Dizzalved Oxygen | moil 74 4.4 11.4 44 118 TG 8.2 11.2 ==}
Flowy grm 360 TES 45
Temperature Celziuz| B.25 1540 | 1027 18.20 1478 826 7.20 2340 | 1899 | 13E0
Aciclity mgiL 50.00 BS.00 | 50000 70,00 0.oa 0.0a 0.00 .00 0.0o 0.0o
Total Alkalinity gL 0.0a 2.00 0.0a 0.0a 70.00 S6.00 40.00 o0 | 7500 | 8000
Sulfate mgiL 5.0 g1.0 450 1.0 g2.5 395 44 .4 44 5 523.2 g2.0
Total Hardness miil
TS miiL
Turhidity MTL
Aluminum UL 230 2900 260 2000 a0 a0 100 100 100 230
Iran uglL 1410 5370 1650 2370 12000 2010 1380 2750 340 2E00
Lead ugiL
Manganese uglL 5900 12200 | 4050 7200 2870 190 1500 1150 1280 1110
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Table B-3 (cont’d)

pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)

Bear Creek Monitoring Data (OSM)

11 - Phillips 11 36 32" 347N
84 31" 11°W

Test Linits ZAEM | BEMY | WRENZ | B2 | 1WE02 | 2205 | BTRRS | VER | EL0T | HOIE0E
pH -- 3.60 g.20 5.40 5.47 G.27 5.30 574 599 £.49 £.50
Conductivity LIMHC 703.0 4819 | 15150 | 109.0 G925 | 1M340 | 7ESDO G720 [ 12630 [ 12490
Dizzalved Oxygen | moil o.n 01 .3 5.4 9.3 E.1 55 105 b=
Flowy grm 248 287 a1.0
Temperature Celziuz| 823 1649 | 1280 20.90 11.11 10.21 18.70 .10 X280 | 1285
Aciclity mgiL 350.00 0.0o 90,00 40.00 45,00 45,00 70.00 .00 26800 0.0o
Total Alkalinity gL 0.0a S0.00 7.00 74.00 5200 [ 1000 [ 35.00 3000 [ s300 [ 7500
Sulfate mgiL 5100 JETa | 4235 G00.0 295.0 4050 3000 4780 | 6375 | 5950
Total Hardness miil
TS miiL
Turhidity MTL
Aluminum UL 1350 2550 3800 2140 1450 70 770 350 1260 4720
Iran uglL 10000 o200 E97S0 [ 300 14000 | 40000 | 12900 7500 | 24400 | 33500
Lead ugiL
Manganese uglL 23900 &700 14400 | 9&00 SE00 go00 | 41100 7700 | 158300 | 10100
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12 - Phi 12 \West 3 36 327 28"N
84 31" 04™W

Test Linits SN | BEM | WREOZ | B0 | VIR0 | 2405 | BOG0S | BEE0S | VAR | B2 | BEL05 | BNE0E
pH -- 0.05 G.44 3.51 G.73 592 502 426 G.75 4.05 .25 667 G585
Conductivity LIMHC 1277 121.5 169.0 2430 4792 1415 [ 1591 3680 | 1760 151.0 21.0 2430
Dizzolved Oxygen | moil 6.4 44 108 7y 117 =i 6.5 8.5 103 a4
Floeay gpm 351 2034 238 1995 [ 10350 30
Temperature Celzius | B.48 15.20 1210 2010 10.96 8186 1938 | 2340 7.30 20.80 17.08 1212
A cidity mgiL 32.00 0.00 27.00 0.0a 0.00 10000 | 2000 0.0o 20,00 18.00 15.00 0.0o
Total Alkalinity mgL 3.00 15.00 0.0a 34.00 20.00 £.00 0.0a 106.00 0.0a 7.00 £.00 12.00
Sulfate mgiL 7o 0.0 46.5 7ia 1975 4.5 43.0 292 G5 6 o5 6 G1.4 745
Total Hardness mil
T== miil
Turkiclity MTL
Aluminum gL 190 390 180 110 250 1 100 100 160 100 1930
Iron UL 270 3900 TEO 120 270 520 E70 S0 o0 2850 1240 Ea0
Lead UL
Manganese L 3440 1600 250 720 4900 120 1700 M0 2ara 20 3280 3050
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13 - Chick House Road (Previt Branch) 36 33°22"N
84 307 49™W

Test Linits 22 | WA | WESDE | BNWRE | VI0E | A5 | BOIG0S | 250 | VER | 204 | A0 | IIS0G
pH -- 4499 412 3.54 495 054 4 45 428 570 510 4352 387 .64
Conductivity UMHO | 1951 3034 | 3670 | 4290 | 4065 | 2537 | MO0 | 3000 [ 2570 | 3250 | 4230 | 5710
Diz=zolved Oxygen | mall 4.1 15 108 a9 121 74 7.3 101 a4
Flomy gpm (IRe] 300 2399 a4 5 1.0 0.0
Tempersature Celzius E5 156 an M7 107 EE 188 .2 a8z 254 166 123
A, ciclity miglL 50,00 4000 | 3000 | 83900 | 3000 | 2500 | 2000 [ 7200 | 4000 | 4200 | 3800 | 3500
Total Alkalinity migilL 0.0a 0.0a n.0a 2.00 5.00 0.0a 0.0a 26.00 7.0a 0.0a n.0a 0.0a
Sulfate migiL g1.0 225 g2.5 1525 4.5 g0.0 255 700 g2.0 g6.5 5.0 231.0
Tatal Hardness moil
T== mol
Turbidity MTL
Alminum Ul 1220 440 270 L] 220 220 100 1360 190 270 100 1530
(=g} Ul 540 200 480 40 1660 390 Qg0 12900 a0 2110 1770 Qa0
Lead ug/lL
Manganese ucl 4240 500 3440 44900 4000 1900 2000 SE00 HMED 4310 7200 44900
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14 - East Phase 5 - In 36 32" 54™N
84 297 52"W

Test Linits SN | SR | WERERE | BNIRE | V02 | 22405 | B0 | BES0NI | VAR | FANE0 | SEL0S
pH -- 328 3.55 3.25 337 311 370 337 314 5.21 368 3.54
Conductivity LAHO 4335 424 1 4760 100 [ 10050 [ 4440 [ 52610 960.0 S67.0 701.0 7460
Dizzolved Oxygen | magil 0.3 0.3 11.0 g6 115 46 6.0 3.7
Floeay gpm 328 1220 157 5 1.0 4725 100
Tempetrature Celzius 740 15.81 724 2460 [ 1120 B.33 19.90 2550 7.00 22.00 14 61
A ciclity mogdl | 13000 | 14000 | 7200 | 14000 | 18000 | 000 | 13200 (17000 | 4900 | 11000 | 86.00
Total &lkalinity gL 0.0a 0.0a 0.0a 0.0a 0.0a n.0a 0.0a 0.0a 4.00 0.0a 0.0a
Sulfate mgiL 23500 3000 152.5 3000 [ 4000 g4.5 1525 434.0 249.0 2620 2650
Total Hardness mil
T== mgiL
Turbidity MTL
Alminum gL 2550 2510 420 o0 1450 290 220 250 380 370 1EE0
Iron L 1840 200 1290 1090 7000 570 2as0 4400 3250 45930 5280
Lead ugiL
Manganese Ll 15300 16000 S000 | 13400 | 11700 | 3230 7500 11400 4400 7500 | 47100
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15 - East Phase 5 - Out 36 32°55"N
84 297 50"W

Test Linits SN | BEM | WREOZ | BINRE | VIR | 22405 | GG | BEE0S | VAR | B2 | BEL05 | Bw0E
pH -- 4.30 052 362 5.37 442 4 .06 372 f.69 3.55 458 452 4 95
Conductivity LIMHC 3780 4105 437.0 G700 G600 4125 | 4532 | 9450 | 4170 535.0 G020 G69.0
Dizzolved Oxygen | moil 0E 0.3 112 6.0 122 6.1 a6 27 72
Flowy opm 1.0
Temperature Celzius | 740 19.56 £.58 25 60 10.45 B2 M3T | 2E40 7.80 23.50 16 61 13.30
A cidity moll | 11000 0.00 70.00 35.00 20.00 B4.00 | F0.00 0.0o 7200 50.00 27.00 0.0o
Total Alkalinity mgL 0.0a 19.00 0.0a 10.00 0.0a 0.0a 0.0a 40,00 0.0a 0.0a £.00 24.00
Sulfate mgiL 13255 297 .5 170.0 2750 3575 g4 .5 g4.5 3510 | 2240 241.0 236.0 2750
Total Hardness mil
T== miil
Turkiclity MTL
Aluminum gL 30 220 290 240 390 180 340 200 280 250 100 2840
Iron UL 1920 160 BED 180 2020 E20 00 480 2300 1200 11490 4040
Lead UL
Manganese L 11600 BEO0 4500 10600 7500 3700 7500 4350 4000 5900 11000 100




Table B-3 (cont’d)

pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)

Bear Creek Monitoring Data (OSM)

Bear Creek d/s of Confluence East & West Branches

Test Linits A0 | R0 | A0S | HF2F05
pH -- 565 615 558
Conductivity LIMHC 149.5 1520 | 1600 258.0
Dizzalved Oxygen | moil 5.2 108

Floy grm

Temperature Celsiuz| 1490 10.40 2240
Aciclity mgiL 24.00 0.0o 0.0o 21.00
Total Alkalinity gL 5.00 200 | 17.00 11.00
Sulfate mgiL 0.0 49.0 450 7585
Total Hardness miil

TS miiL

Turhidity MTL

Aluminum ugiL 230 70 an 100
=]y} uglL 150 160 390 a0
Lead ugiL

Manganese uglL 1770 1140 1220 1420

36 34" 57N
B4 317 04"W
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Table B-3 (cont’d)

pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)

Bear Creek Monitoring Data (OSM)

Bear Creek at USGS Gage {034 10500) 36 37 37T"N
84 327 00™W
Test Linits S | ez | NS0 | ZEH0S | A ES | F2F05 | WENM | ER0S | Be0E
pH -- 547 5.95 5.30 615 7.09 £.55 G.10 G.02 G.55
Conductivity LAHO 953 4.0 1993 1585 GE.5 196.0 954 0.0 1160
Dizzolved Oxygen | magil 72 111 145 9.0 66 949
Flawe Gpm
Tempetrature Celzius [ 1625 817 952 453 1787 | 2570 E.10 14.90 1263
A ciclity gL 20.00 0.0a 55.00 1100 | 3500 5.00 16.00 9.00 0.00
Total &lkalinity gL 7.0a 13.00 20.00 1000 [ 2400 [ 1200 0.0a 5.00 7.00
Sulfate mgiL 4.0 3.0 250 265 200 234 283 1= I35
Total Hardness mil
T== mgiL
Turbidity MTL
Alminum gL 120 40 1 1 100 100 100 100
Iron L 160 170 280 380 1370 a0 100 220 220
Lead ugiL
Manganese Ll Fao0 00 140 140 420 110 520 1 10
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ACSP Sampling Points - Bear Creek, Tennessee
Knoxville Field Office
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* Stream Sample
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Figure B-2 Bear Creek Monitoring Stations (OSM)
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APPENDIX C

Development of Target Net Alkalinity
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Since there is no numerical criterion for net alkalinity, monitoring data for the entire State of
Tennessee was examined in an effort to develop a target net alkalinity.

Of the available monitoring data for waterbodies that are not impaired for pH, 47 data points existed
for which numerical values for both acidity and total alkalinity were available. (See Figure C-1.)
The highest calculated net alkalinity that fell outside of the desired pH range of 6.0 to 9.0 was 10.78
mg/L as CaCOQO; at a pH of 9.1. Therefore, a net alkalinity of 10.8 was selected as the target net
alkalinity.

Analysis was then expanded to include monitoring data for waterbodies that are not impaired for pH
and for which both total alkalinity and acidity were analyzed, but for which either acidity or total
alkalinity, but not both, was not detected. (See Figure C-2.) For the purpose of calculating net
alkalinity, the analyte concentrations were estimated to be one half of the appropriate detection limit
(10 mgl/L for total alkalinity and 1 mg/L for acidity). Of the 211 data points, only 3 points (or 1.4%)
exceeded the target net alkalinity value of 10.8 mg/L CaCOj; but were not within the required pH
range.

Available monitoring data for waterbodies that are included on the 303(d) List as impaired for pH
were also compared to the target net alkalinity. Of 41 data points for which numerical values for
both acidity and total alkalinity were available, only 2 points (or 4.9%) exceeded the target net
alkalinity value of 10.8 mg/L CaCOQOj3; but was not within the required pH range. These data points
were for North Suck Creek on 5/21/2005 (pH 5.14, net alkalinity 16.9) and South Suck Creek on
9/9/2004 (pH 5.2, net alkalinity 29.96). When analysis was expanded to include data points for
which both acidity and total alkalinity were analyzed, but for which either acidity or total alkalinity,
but not both, was not detected, only 3 points (or 2.0%) exceeded the target net alkalinity value of
10.8 mg/L CaCO; but were not within the required pH range. These data points were the previously
mentioned points for North and South Suck Creek and a data point for North Suck Creek on
3/22/2005 (pH 5.8, net alkalinity 18.5).

Therefore, based on analysis of all available monitoring data for the State of Tennessee, selection
of a target net alkalinity of 10.8 mg/L as CaCOj; should provide a pH within the criteria of 6.0 to 9.0
standard pH units for waterbodies with a designated use of Fish & Aquatic Life.
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Unimpaired Waterbodies
{47 data points)
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Figure C-1  pH and Net Alkalinity for Unimpaired Waterbodies in Tenneessee
(no non-detects for either acidity or total alkalinity)
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Figure C-2  pH and Net Alkalinity for Unimpaired Waterbodies in Tenneessee

(acidity or total alkalinity was not detected; 0.5 x detection limit used for non detects)
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Impaired Waterbodies
{41 data points)
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Figure C-3 pH and Net Alkalinity for Impaired Waterbodies in Tenneessee
(no non-detects for either acidity or total alkalinity)
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Figure C-4 pH and Net Alkalinity for Impaired Waterbodies in Tenneessee
(acidity or total alkalinity was not detected; 0.5 x detection limit used for non detects)
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APPENDIX D

Development of Load Duration Curves
for
Bear Creek Subwatershed
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A flow duration curve is a cumulative frequency graph, constructed from historic flow data at a
particular location, that represents the percentage of time a particular flow rate is equaled or
exceeded. When a water quality target (or criteria) concentration is applied to the flow duration
curve, the resulting load duration curve (LDC) represents the allowable pollutant loading in a
waterbody over the entire range of flow. Pollutant monitoring data, plotted on the LDC, provides a
visual depiction of stream water quality as well as the frequency and magnitude of any
exceedances. Load duration curve intervals can be grouped into several broad categories or
zones, in order to provide additional insight about conditions and patterns associated with the
impairment. For example, the duration curve could be divided into five zones: high flows
(exceeded 0-10% of the time), moist conditions (10-40%), median or mid-range flows (40-60%), dry
conditions (60-90%), and low flows (90-100%). Impairments observed in the low flow zone typically
indicate the influence of point sources, while those further left on the LDC (representing zones of
higher flow) generally reflect potential nonpoint source contributions (Stiles, 2003).

D.1 Development of Flow Duration Curves

Flow duration curves are developed for a waterbody from daily discharges of flow over a period of
record. In general, there is a higher level of confidence that curves derived from data over a long
period of record correctly represent the entire range of flow. The preferred method of flow duration
curve computation uses daily mean data from USGS continuous-record stations located on the
waterbody of interest. For ungaged streams, alternative methods must be used to estimate daily
mean flow. These include: 1) regression equations (using drainage area as the independent
variable) developed from continuous record stations in the same ecoregion; 2) drainage area
extrapolation of data from a nearby continuous-record station of similar size and topography; and 3)
calculation of daily mean flow using a dynamic computer model, such as the Loading Simulation
Program C++ (LSPC).

Flow duration curves for pH-impaired waterbodies in the South Fork Cumberland River watershed
were derived from LSPC hydrologic simulations based on parameters derived from calibration at
USGS Station No. 03408500, located on New River at New River, Tennessee, in the South Fork
Cumberland River watershed (see Appendix F for details of calibration). For example, a flow-
duration curve for the Bear Creek subwatershed was constructed using simulated daily mean flow
for Bear Creek downstream of the confluence of East Branch and West Branch Bear Creek for the
period from 1/1/00 through 12/31/05 and dividing by the drainage area. This flow duration curve is
shown in Figure D-1 and represents the cumulative distribution of daily discharges arranged to
show percentage of time specific flows were exceeded during the period of record (the highest daily
mean flow during this period is exceeded 0% of the time and the lowest daily mean flow is equaled
or exceeded 100% of the time). This flow duration curve could be applied to all impaired
waterbodies because it was developed on a “per area” basis.



pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page D-3 of D-37

D.2 Development of Target Load Duration Curve for Net Alkalinity

The target net alkalinity load duration curve for the Bear Creek subwatershed was developed from
the flow duration curve for the Bear Creek subwatershed developed in Section D.1. The net
alkalinity target concentration of 10.8 mg/L was applied to each of the ranked flows used to
generate the flow duration curve and the results were plotted. The net alkalinity target load
corresponding to each ranked daily mean flow is:

Target Loadgear creek = (Target Net Alkalinity)gear creek X (Q/A) X (UCF)

where: Q = daily mean flow
A = drainage area
UCF = the required unit conversion factor

The target net alkalinity load duration curve, on a unit drainage area basis, is presented in Figures
D-2 and D-3. Figure D-2 is presented in semi-log scale format while Figure D-3 is presented in
non-log scale format. Because the calculated net alkalinity of the Bear Creek subwatershed can be
negative and negative values cannot be plotted on a log or semi-log scale format, the non-log scale
format will be used for net alkalinity load duration curves in this TMDL.

D.3 Development of Load Duration Curves for Net Alkalinity

Sampling was conducted at several sites in the Bear Creek subwatershed by OSM. Net alkalinity
load duration curves were developed from the target load duration curves developed in Section D.2
and water quality monitoring data collected by OSM. Load duration curves were developed using
the following procedure (Previt Branch at Chick House Road is used as an example):

1. Daily net alkalinity loads were calculated for each of the water quality samples collected at
the Previt Branch monitoring station by multiplying the calculated net alkalinity by the daily
mean flow (on an area basis) for the sampling date and the required unit conversion factor.
Net Alkalinity Calculations for the Bear Creek subwatersheds are summarized in Tables D-1
thru D-10.

Note: In order to be consistent for all analyses, the derived daily mean flow was
used to compute sampling data loads, even if measured (“instantaneous”)
flow data was available for some sampling dates.

Example — 1/28/02 sampling event:
Modeled Flow = 6.28 cfs/mi?
Calculated Net Alkalinity = -30 mg/L CaCOj3
Net Alkalinity Load = -1,016.4 Ibs CawCOg/day/mi2

2. Using the flow duration curve developed in Figure D-1, the “percent of days the flow was
exceeded” (PDFE) was determined for each sampling event.
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Example — 1/28/02 sampling event:
Modeled Flow = 6.28 cfs/mi’
PDFE from flow duration curve for Bear Creek subwatershed
corresponding to 6.28 cfs/mi’ = 4.5%

3. Each sample load was then plotted on the target load duration curve developed in Section

D.4

D.2 according to the PDFE. The resulting curve is presented in Figure D-7.

Load duration curves for net alkalinity for other impaired waterbodies were derived in a
similar manner and are shown in Figures D-5 through D-14 and Tables D-1 thru D-10.

The magnitude of the difference between the target net alkalinity load and each calculated
net alkalinity load is calculated by:

Net Alkalinitypifrerence = (Net Alkalinityprevit granch) - (Net Alkalinityrarget)

where:
Net Alkalinity is in Ibs CaCOs/day/mi?

Example — 1/28/02 sampling event:
Calculated net alkalinity load = -1016.4 Ibs CaCOsy/day/mi?
Target net alkalinity load = 365.9 Ibs CaCOs/day/mi’
Net alkalinitypifterence = (-1016.4 Ibs Cacog/day/mi2) -
(365.9 Ibs CaCOy/day/mi®)
Net alkalinitypiserence = -1382.3 Ibs CaCOs/day/mi?

The difference between the target net alkalinity load and the calculated net alkalinity load for
the Bear Creek subwatersheds are summarized in Tables D-11 thru D-20.

A negative sign indicates that the net alkalinity load must be increased to meet the target.

Development of Load Duration Curves for Iron

The target load duration curve for iron was developed similar to the load duration curve for net
alkalinity developed in Section D.2. The appropriate target concentration for iron was applied to
each of the ranked flows used to generate the flow duration curve and the results were plotted in
Figure D-4. Load duration curves for specific monitoring locations were developed using the
following procedure (Previt Branch at Chick House Road is used as an example):

1. A target load-duration curve (LDC) was generated for Previt Branch at Chick House
Road by applying the iron target concentration of 1.0 mg/L to each of the ranked flows
used to generate the flow duration curve (ref.: Section D.1) and plotting the results. The
iron target maximum load corresponding to each ranked daily mean flow is:
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Target Loadgear creek = ( 1.0 mg/L) x (Q/A) x (UCF)

where: Q = daily mean flow
A = drainage area
UCF = the required unit conversion factor

Daily loads were calculated for each of the water quality samples collected at the Previt
Branch monitoring station (ref.: Table B-3) by multiplying the sample concentration by
the daily mean flow (on an area basis) for the sampling date and the required unit
conversion factor.

Note: In order to be consistent for all analyses, the derived daily mean flow was
used to compute sampling data loads, even if measured (“instantaneous”)
flow data was available for some sampling dates.

Example — 11/4/02 sampling event:
Modeled Flow = 0.76 cfs/mi’
Concentration = 1,660 ug/L
Daily Load = 6.77 Ibs iron/day/mi?

Using the flow duration curves developed in D.1, the “percent of days the flow was
exceeded” (PDFE) was determined for each sampling event. Each sample load was
then plotted on the load duration curves developed in Step 1 according to the PDFE.
The resulting iron load duration curve is shown in Figure D-17.

Example — 11/4/02 sampling event:
Modeled Flow = 0.76 cfs/mi’
PDFE = 42.2%

For cases where the existing load exceeded the target maximum load at a particular
PDFE, the reduction required to reduce the sample load to the target load was
calculated.

Example — 11/4/02 sampling event:
Target Concentration = 1000 ug/L
Measured Concentration = 1,660 ug/L
Reduction to Target = 39.8%

The 90" percentile value for all of the iron sampling data at the Previt Branch monitoring
station was determined. If the 90" percentile value exceeded the target maximum iron
concentration, the reduction required to reduce the 90" percentile value to the target
maximum concentration was calculated.

Example: Target Concentration = 1000 ug/L
90" Percentile Concentration = 2,076 ug/L
Reduction to Target = 51.8%
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6. The load reductions at each monitoring site within the drainage area (East Branch, West
Branch, mainstem Bear Creek) were compared and the load reduction of the greatest
magnitude selected as the load reduction for the drainage area.

Load duration curves for iron for other impaired waterbodies were derived in a similar manner and
are shown in Figures D-15 through D-24 and Tables D-21 thru D-30.

D.4.1 Development of WLAs & LAs

As previously discussed, a TMDL can be expressed as the sum of all point source loads (WLAs),
nonpoint source loads (LAs), and an appropriate margin of safety (MOS) that takes into account
any uncertainty concerning the relationship between effluent limitations and water quality:

TMDL = X WLAs + X LAs + MOS

For waterbodies with active mining operations, the WLAs for existing mining operations are equal to
their existing NPDES permit limits. For waterbodies with no active mining operations, there is no
WLA.

For waterbodies with active mining operations, the LA for each metal is equal to the difference
between the TMDL and the WLA. For waterbodies with no active mining operations, LAs for
precipitation-based nonpoint sources are expressed as the percent reduction in loading required to
decrease instream metal concentrations to TMDL target values minus MOS. As stated in Section
7.2, an explicit MOS, equal to 10% of the water quality targets (ref.: Section 4.0), was utilized for
determination of LAs:

Instantaneous Maximum for Iron
Target — MOS = (1000 pg/L) — (100 pg/L) = 900 pg/L

D.4.2 Determination of LAs for Precipitation-Based Nonpoint Sources

LAs for precipitation-based nonpoint sources were developed using methods similar to those
described in D.4 (again, using Previt Branch at Chick House Road as an example):

7. For cases where the existing load exceeded the “target maximum load — MOS” at a
particular PDFE, the reduction required to reduce the sample load to the “target — MOS”
load was calculated.

Example — 11/4/02 sampling event:
Target Concentration -- MOS = 900 ug/L
Measured Concentration = 1,660 ug/L
Reduction to Target -- MOS = 45.8%
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8. Ifthe 90" percentile value (calculated in Step 5) exceeded the “target maximum — MOS”
iron concentration, the reduction required to reduce the 90" percentile value to the
“target maximum — MOS” concentration was calculated (Table D-23).

Example: Target Concentration -- MOS = 900 ug/L
90" Percentile Concentration = 2,076 ug/L
Reduction to Target -- MOS = 56.6%

9. The load reductions at each monitoring site within the drainage area (East Branch, West
Branch, mainstem Bear Creek) were compared and the load reduction of the greatest
magnitude selected as the load reduction for the drainage area.

Load duration curves and required load reductions for iron for other impaired waterbodies were
derived in a similar manner and are shown in Figures D-15 through D-24 and Tables D-21 through
D-30. Required load reductions for impaired waterbodies in the Bear Creek Subwatershed are
summarized in Table D-31. TMDLs, WLAs, & LAs for impaired waterbodies in the Bear Creek
subwatershed are summarized in Table D-32.
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Figure D-1  Flow Duration Curve for Bear Creek Subwatershed
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Figure D-2 Target Net Alkalinity Load Duration Curve (semi-log-scale)
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Figure D-3 Target Net Alkalinity Load Duration Curve (non-log scale)
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Table D-1. Net Alkalinity Load Calculations for Bear Creek at Gaging Station

- Total -

Sample | Bear Creek Flowe (2 gage) | Acidity Alkalirity Met Alkalindy

Diste (cte) (cfzimic) (magL)® (magiL)® (mgily® | (heidayimi)®

508001 1248 0.56 20.00 7.0o -13.00 -39.2
1528002 107 6 4 65 .00 13.00 135.00 3280
11 15002 1593 5.93 5500 20.00 -35.00 -1307 5
22503 1075 4 65 11.00 10.00 -1.00 -29.2
EM 703 11.2 0.4a 35.00 24.00 -11.00 -2849
D273 34 oAy 5.00 12.00 7.0o B4
1527104 57T 251 16.00 .00 -16.00 -2164
SI25105 M E .04 9.00 5.00 -4.00 -20.2
M BI0E .00 7.0o 7.0o

4

Acidity, total alkalinity, & net alkalinity are reported a5 mgll CaC0, or lbs CaCOfdayini=.

Table D-2. Net Alkalinity Load Calculations for Bear Creek d/s
East Branch & West Branch

Bear Creek Flow . Total .
Sample sonfluence) (@ Acidity Alkalirity Met Alkalinity
Ciste (cfs) (cfzimi) (mgL)® (mgL)® (mgl)® | (bsidayimis?®
a2/801 7.2 0.56 24.00 .00 -16.00 -45.3
1/2902 600 4 59 0.00 2100 21.00 5309
202003 1.6 4 51 0.00 17 .00 17.00 441 1
8273 22 047 21.00 1100 -10.00 -2

a Acicity, total alkalinity, & net alkalinity are reported as mol CaC0, or s CaCOydayini®.

Table D-3. Net Alkalinity Load Calculations for Previt Branch at Chick House Rd.

. . Total .

Sample Site 13 Acidity alkalinity Met Alkalinity

Date (cfs) (cfsimic) (moil® (magiL® (mail)® | (hsfdayimi™®
21201 016 1.21 a0.00 0.00 -50.00 -32T Y
S 0.09 0&7 40.00 0.00 -40.00 -144.3
15280102 0.84 6.28 30.00 0.00 -30.00 -1ME 4
EM102 0.0z 0.1 89.00 2.00 -ar.oo -534
1154002 010 0.7e 30.00 .00 -22.00 -8a.r
2024003 083 622 25.00 0.00 -25.00 -G38 6
BMBO3 007 051 2000 0.00 -20.00 -24 .8
Gr2e03 0.0z 016 7200 26.00 -46.00 -39.3
1726004 0.45 3.38 40.00 .00 -33.00 -G00.9
7204 0.05 0.36 42.00 0.00 -42.00 -a0.5
SI24005 016 1.23 36.00 0.00 -36.00 -23a.0
SHS0E 35.00 0.00 -35.00

a Acicity, total alkalinity, & net alkalinity are reported as moil CaC0s or s CaCOyidayinic.
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Table D-4. Net Alkalinity Load Calculations for East Phase 5 Out
. . Tatal -

Sample Site 15 Acidity Alkslinity Met &lkalinity

Ciste (cfs) (fzimi<) (rmiL ) (L) (mal)® | (baidayinis)®
210211 016 1.2 110.00 0.0a -110.00 -F2049
ST 010 074 0.00 19.00 19.00 TE2
1728102 0.81 G6.28 F0.00 0.00 -r0.00 23T
G102 0.01 011 35.00 10.00 -25.00 -155
110402 010 076 a0.00 0.00 -a0.00 -326.3
212403 0.50 5.22 54.00 0.00 -G4.00 -214849
EMENDS 0.07 051 T0.00 0.00 -7o.an 191 a3
2r2803 0.02 016 0.00 40.00 40.00 241
1726104 0.43 3.38 F2.00 0.00 -r2.00 1310
204 0.05 0.36 S0.00 0.00 -50.00 -0E .2
Sr2405 016 1.23 27.00 6.00 -21.00 -139.4
SMS06 0.00 2400 2400

a &cidity, total alkalinity, & net alkalinity are reported as mgil CaC0, or lbs CaCOfdayimi™.
Table D-5. Net Alkalinity Load Calculations for Chick House Out (Site 1)
. . Tatal .

Sample Site 1 Acidity alkalinity Met Alkalinity

Diate (cfs) (cfzimic) (mogiL)® (mgiL® (mail)® | (hsfdayimi)®
352100 1.02 269 40.00 .00 -40.00 -580.7
91300 0.05 013 YE.00 10.00 -G6.00 -43.0
2M210 048 1.24 55.00 .00 -55.00 -360.4

Srri 0.2a 0.74 23.00 4.00 -19.00 -TE 2
152802 237 E.28 E4.00 0.00 -64.00 -2MEE .4
Er11002 0.04 0.11 2000 16.00 -4.00 -258
110402 0.2a 076 5.00 26.00 21.00 =
22403 2.35 6.22 7000 0.00 -70.o0 -2348.2
EMEM0S 014 0.51 20.00 0.00 -2000 -54 8
Sr2803 0.06 016 0.00 190.00 120.00 162.2
1726004 1.28 3.38 0.0a 2000 20.00 a64 2
TH204 013 0.36 0.0a 25.00 25.00 431
Sr2405 048 1.23 .00 19.00 11.00 730
SMS06 0.00 18.00 18.00

4

Acicity, total alkalinity, & net alkalinity are reported as moll CaCo, or lhe CalOidayimic,
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Table D-6. Net Alkalinity Load Calculations for West 4 Out (Site 8)
) . Tatal -

Sample Site & Acidity alkalinity Met Alkalinity

Ciste (cfz) (cfzimi=) (L) (miaL)® (mol)® | (bsidayimis)®
302100 0.76 265
9300 0.04 013 115.00 0.00 11500 -83F
201200 0.34 1.2 130,00 0.00 -130.00 -551 8

51501 0.19 0.67 140,00 0.00 14000 -505.2
112502 1.78 .25 75.00 0.00 -75.00 -2574 9
611102 0.03 0.11 25.00 0.00 -25.00 173
114002 0.21 0.76 340,00 0.00 -340.00 -1387.0
2124103 1.76 6.22 100.00 0.00 -100.00 -3354 5
£ 603 014 .51 5100 0.00 -51 .00 1397
8127103 0.05 017 130.00 0.00 -130.00 1195
112604 0.95 3.35 §7.00 0.00 -57.00 12200
7H2m04 0.10 0.36 12.00 2.00 -10.00 -19.2
S124105 0.35 1.23 54.00 0.00 -54 .00 557 5
SIMSI06 55.00 0.00 -56.00

4

Acidity, total alkalinity, & net alkalinity are reported sz moil CaC0, or lbs SO dayimi®.

Table D-7. Net Alkalinity Load Calculations for Phillips 10
. . Tatal .
Sample Site 10 Acidity alkalinity Met Alkalinidy
Ciste (cfs) (cfzimi) (rmipL ) (L) (mgl)® | (bsidayini®)®
2120 0.02 1.2 S0.00 0.0a -50.00 32T
ST 0.05 074 E5.00 2.00 -63.00 -252 8
1728102 0.40 5.28 S0.00 0.00 -50.00 -1E94.0
G202 0.01 010 F0.00 0.00 -r0.00 -85
11502 0.45 6.93 0.00 7000 F0.00 26149
21240103 0.40 6.22 0.00 56.00 S6.00 18786
17260104 0.22 3.38 0.00 40.00 40.00 7254
204 0.02 0.36 0.00 71.00 71.00 136.7
SI24005 0.02 1.23 0.00 ¥5.00 7500 497 9
SHMENG 0.00 a0.00 20.00
a Acidity, total alkalinity, & net alkalinity are reported as mogil CaCo, or e CaCo ey imis,
Table D-8. Net Alkalinity Load Calculations for Phillips 11
. . Tatal .
Zample Site 11 A cidity alkalirity Met Alkalinity
Date (cfs) (cfzimic) (maiL® (mogiLi® imgiL® | (beidayimi®®

2121 003 1.21 350.00 0.00 -350.00 -22936

ST 002 0.74 0.00 S0.00 S0.00 2006
1528102 015 G.28 a0.00 .00 -g.3.00 -28121
Br1202 0.00 010 40.00 74.00 34.00 19.2
1185102 016 593 45.00 S2.00 .00 2615
2124103 015 522 45.00 110.00 B5.00 Ma0s

EM 703 0. 0.4a Fo.oo 26.00 -34.00 -89
17260104 0.0 3.38 0.00 30.00 30.00 S46.3
S52405 003 1.23 26.00 53.00 27.00 179.2
SMBI0E 0.00 7500 7500

a

Acidity, total alkalinity, & net alkalinity are reparted as mgil CaC0, or lbe CatOfdayimi=.
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Table D-9. Net Alkalinity Load Calculations for Phi 12/West 3
. - Total -
Sample Site 12 Acidity Allinity Met &lkalinty
Ciste (cfs) (cfzimi=) (L) (mil ) imo)?® | (hefdayimis)®

212 029 1.2 32.00 300 -29.00 -1a0.0
57 018 074 Q.00 15.00 15.00 E0.2
1128002 148 625 27.00 .00 -27.00 -914 .5
EM2102 nnz 010 Q.00 34.00 34.00 19.2
1105102 163 693 Q.00 20.00 20.00 747 1
2124/03 147 522 10.00 5.00 -4.00 -134.2
EBMEN03 012 0.5 20.00 0.00 -20.00 -54.8
8128103 004 016 .00 106,00 106.00 0.5
1126004 0.0 338 2000 0.oo -20.00 -3B42

TH 204 0.0s 0.36 18.00 700 -11.00 -21.2
S124005 0.29 1.23 15.00 G.00 -8.00 -59.7
SMEI0E Q.00 12.00 12.00

A Acidity, total alkalinity, & net alkalinity are reported sz moil CaC0, or lbs SO dayimi®.
Table D-10. Net Alkalinity Load Calculations for Atomic School Road
. - Total .
Sample Site Acidity alkalirity Met Alkalinity
Dste (cfs) (cfaimi) (mgL)® (rmeL)® mgl)® | (heidayinis)?®

3121000 1.05 269 36.00 0.00 -36.00 5226
a1 300 ) 013 £5.00 0.00 -62.00 -4a.5
21200 047 1.1 £0.00 .00 -60.00 -293.2
5170 029 074 T0.00 Q.00 -F00o -280.9
1126002 245 G.25 15.00 Q.00 -15.00 -505.2
G202 004 010 50.00 Q.00 -50.00 -282
1105002 2.7 593 39.00 Q.00 -39.00 -14569
2125003 1.83 4 65 32.00 0.00 -32.00 -507 .1
BMTI03 (=] 0449 7.00 20.00 13.00 342
2128103 005 016 40.00 .00 -40.00 -34.1
1126104 1.32 3.3 a7.00 .00 -37.00 -BT3T
TH2i04 014 0.36 15.00 200 -13.00 -2510
5124005 045 1.23 2200 300 -19.00 -126.1
SMEI0G 2500 Q.00 -25.00

a

Acidity, total alkalinity, & net alkalinity are reparted as mgil CaC0, or lbe CatOfdayimi=.
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Table D-11. Net Alkalinity Difference Relative to Target
Bear Creek at Gaging Station
Biear Ck Flowe | Met Alkalinity , | Teroethet et Alkainty
Sample (@gage) Lioad FDFE Alkalinity _ Load
Load Difference
Ciate (ofsmmi®  ([(bsidayimi®®| (%) |Obsidayimi®® | (s idayimi®®
519101 0.56 392 50.7% 326 715
112902 468 3280 B.2% 725 555
115102 .93 -1307 .5 4 0%, 403.4 171049
2125103 468 252 B.3% 2724 297
EM 703 0.49 2819 54 5% 25 4 573
8127103 017 6.4 77 A% 9.4 35
1127104 2.51 -216.4 13.1% 1451 -362.5
5125105 .34 =202 36.5% 545 745
SMENE

A Percert of Days Flow |2 Exceaded

b Met alkalinty iz reported as e CaCOfdayini®.

Table D-12. Net Alkalinity Difference Relative to Target
Bear Creek d/s East Branch & West Branch
Bear Ck Flowe |Met Alkalinity _ | TevoetMet et Alkalinity
Sample (@confluence) Load FDFE Alkalinity . Load
Load Difference
Date fofaimi®l  [(bsiaeimi®®| (%) (lossiayimi®® | (s iday inis)
£/59,01 0.56 483 S0.7% 326 &304
1/29/02 4 B3 5309 6.2% 2725 2554
2420003 £.93 4411 5 8% 403 4 T7
B/27003 4 B a2 7T 0% 272 4 26

Percent of Days Flovwy |z Exceeded
ket alkalinity is reparted as lbs CaCOyidayimi.

Ix
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Table D-13. Net Alkalinity Difference Relative to Target
Previt Branch at Chick House Rd.
i Target Met  |Met Alkalinity
Sample Ste13 | i‘;‘;ﬂ'”w POFE® |  Adkalinity Lo
Load Difference
Date (cfeimi®l  [(bsidawimid® | (3% (o idayimi®l® |(bedayimis)
21200 1.2 E2TT 29.2% 704 -393.4
5531 07 1443 45 B% 30.0 1833
1128002 628 10164 45% 3659 13823
6111002 011 539 84 5% 6.7 G0 E
11 idi02 076 597 42 2% 44 1 -1338
2124003 622 3356 4 6% 3623 -12004
EMEI03 051 543 53.5% 295 B4 4
8128003 016 8356 79.1% 92 5479
1126104 338 548 91% 1967 2515
7FH2i04 036 808 £1 5% 204 A0 6
5124005 123 -239.0 29.0% 717 307
51506
A Percent of Days Flow |z Exceeded
L et alkalinity iz reported a3 b CaCOyidayini®.
Table D-14. Net Alkalinity Difference Relative to Target
East Phase 5 Out
. Target Met | Met Alkalinity
Sample ste1s | f;k:;nrtv FOFE® | Alkalinity Lo
Load Difference
Date (cfeimi®l  |(bsidayimi®®| (%) (o sday imi®l® | (s dayimis)®
212 1.2 7204 29.2% 705 T E
SR 074 762 42 9% 433 329
1128102 .28 S23T 7 45% 3659 -2TITE
EH1i02 011 55 54 5% 6.7 222
11 /02 076 -326.3 42 2% 44 1 3704
2124003 622 -2146 9 4 6% 3623 25092
6MEI03 051 191 & 53.5% 296 22214
8128003 016 -2146 9 79.1% 9.3 -2156.1
1126104 338 191 & 91% 1967 -3885
7H2i04 036 952 61 6% 204 170
5124005 123 1394 29.0% T -1
SHEI0E

4

Ix

Percent of Days Flovwy |z Exceeded
ket alkalinity is reparted as lbs CaCOyidayimi.
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Table D-15. Net Alkalinity Difference Relative to Target
Chick House Out (Site 1)
i Target Met  |Met Alkalinity
Sample steq | i‘;‘;ﬂ'”w POFE® |  Adkalinity Lo
Load Difference

Diste (cfaini®  |(bsidayinid®| (%) [Ohsidayimi®® (s idayimi®®
32100 259 5807 12 2% 156.8 7375
941300 013 480 82.7% 74 559

21 2001 121 -360.4 29.2% 70.5 -431 2

5701 074 -TE.2 42 9% 43.3 1195
11252 625 -2165.4 4 5% 3654 25343
6112 011 25 54.5% 67 92
1144102 076 85.7 42 2% 44 1 41
2124103 622 23482 4 5% 3623 27105
663 051 548 53.5% 296 644
81253 016 1622 7O4% 92 1530
1/26M04 335 364.2 91% 196.7 167 5
7H 204 036 4.1 61 6% 205 273
5124105 123 73.0 29.0% 71T 173
54 S0E

4

Ix

Percent of Days Flow |2 Exceaded
et alkalinty iz reported as e CaCO ey imis,

Table D-16. Net Alkalinity Difference Relative to Target
West 4 Out (Site 8)
_ Target Met  |het Alkalinity
Sample Stea | i‘;‘;ﬂ'”w POFE® | Alkslinity Load
Load Difference

Diste (cfzini®  |(baidayimid®| (%) [Ohsidayimi®® (s idayimi®P
32100 259 12 2%
941300 013 ol 52.2% 74 915

21 2101 121 3514 29.2% 705 -gz2 7

/501 057 -505.2 45 6% 39.0 -544 2
11252 625 2574 .4 4.5% 3654 -2940.9
64102 011 7.3 54.5% 67 -24.0
1144102 076 13870 42 2%, 44 1 143110
2124103 £.22 3354 6 4 5% 3623 37169
B4 63 051 1397 53.5% 296 1693
SI2T 03 017 -1195 7TA% 9.4 1205
11264 335 -1220.0 9.1% 196.7 4167
7H 204 036 -19.2 61 6% 205 -40.0
5124105 123 557 6 29.0% 7.7 6293
54 S

4

I

Percert of Davs Flow |z Exceeded
Met alkalinty iz reported as e CaCO ey imis,
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Table D-17. Net Alkalinity Difference Relative to Target
Phillips 10
. Target Met | Met Alkalinidy
Sample Ste1n |0 i‘;‘;ﬂ'”“ FOFE® | Adkslinity Load
Load Difference
Dste (cfzini®)  |(baidayinid®| (%) [dhsidayini®® (s idayimi®P
2012401 121 327 T 29.2% 70.5 -395.4
SI7 I 074 2523 42 3% 43.3 -296 1
11252 625 -1694.0 4 5% 3654 -2060.0
61 2002 010 -39.5 §5.9% 6.1 456
11502 .93 26149 4 0% 403 .4 22115
2124103 622 18786 4 5% 3623 1516.3
1126104 338 7284 91% 1967 5N T
7H 204 036 136.7 B 6% 205 1154
5124105 123 49749 29.0% 71T 426 .2
54 GG

I

Percent of Days Flow |z Exceeded
et alkalinity iz reported a3 b CaCOyidayini®.

Table D-18. Net Alkalinity Difference Relative to Target
Phillips 11
_ Target Met  |het Alkalinity
Sample Ste 11 |0 i‘;‘;ﬂ'”w POFE® | Alkslinity Load
Load Difference
Diste (cfzini®  |(baidayimid®| (%) [Ohsidayimi®® (s idayimi®P
241 2401 1.21 22935 29.2%, 705 2364 4
5701 074 2005 42 9% 43.3 157 3
1252 625 28121 4 5% 3654 =370
61 2002 010 19.2 §5.9% 6.1 13.1
11452 6.93 2615 4.0% 403 .4 1420
2124103 .22 21805 4 5% 3623 1818.2
64703 0.49 -89.3 54 8% 254 177
1126104 0.36 5463 91% 205 525 5
51245 123 1792 29.0% 7T 107 5
SH GG

I

Percent of Days Flow |z Exceeded
ket alkalinity iz reparted a=z lbe CaCOyidayini®.



pH and Iron TMDL
South Fork Cumberland River Watershed (HUC 05130104)

7/25/07 - Final

Page D-30 of D-37

Table D-19. Net Alkalinity Difference Relative to Target
Phi 12/West 3
. Target Met | Met Alkalinidy
Sample Ste1z |0 i‘;‘;ﬂ'”“ FOFE® | Adkslinity Load
Load Difference
Dste (cfzini®)  |(baidayinid®| (%) [dhsidayini®® (s idayimi®P
2012401 121 -190.0 29.2% 70.5 -260.8
SI7 I 074 602 42 3% 43.3 16.9
11252 625 9145 4 5% 3654 12807
61 2002 010 19.2 §5.9% 6.1 13.1
11502 .93 747 1 4 0% 403 .4 3437
2124103 622 1342 4 5% 3623 495 5
663 051 548 53.5% 296 644
81253 016 1342 7O4% 92 1434
1/26M04 335 -54.8 91% 196.7 -251 .5
7H 204 036 -2 61 6% 205 4210
5124105 123 597 29.0% 71T 131 4
54 GG

Ix

Percent of Days Flow |2 Exceaded
et alkalinty iz reported as e CaCO ey imis,

Table D-20. Net Alkalinity Difference Relative to Target
Atomic School Road
. Target Met | Met Alkalinity
Sample stes | ﬂl;a;nrtaf FOFE® | Adkalinity Load
Load Difference

Date otz [(bsidaymid®| ) tlosdayimi®)® | bs/day iniy®
3621000 259 5226 12 2% 156 8 6794
8113000 013 495 82.2% 74 573

21 2001 121 -333.2 29 2% 704 -454.0

517101 074 2309 42 9% 433 3242
1128002 628 5052 45% 3659 -E74.1
EM 202 010 282 85.9% 6.1 343
11/5102 .43 14569 4.0% 403 4 18603
2125003 4 B& 807 A 6.3% 2724 -1079.5
67003 049 342 54 8% 254 55
8128003 016 341 79.1% 9.2 434
1126104 338 ETIT 91% 1967 -E70.4
7H2i04 036 2250 61 6% 205 453
5124005 123 1261 29.0% 7T 197 8
SHEBIOE

Ix

Percert of Days Flowy |z Exceeded
ket alkalinity is reparted as lbs CaCOyidayimi.
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Table D-21. Iron Load Calculations for Bear Creek at Gaging Station

a . Fequired Reduction”
S;:tpele Bear Creek Flowy (i@ gage) | PDFE Iron Concentration to Target 1o Target - MOS
[cts) (cizimic) (%] [l (lhsfdayimi=) [%] [%]
50001 1248 056 S0.7% 160 045 MR MR
142902 107 B 4 B8 B.2% 170 429 MR MR
1115002 1593 £.03 4 0% 280 1045 MR MR
22503 107.5 4 B8 B 3% 3890 054 PR PR
G703 11.2 0.49 ad 5% 1,370 360 27 0% 34.3%
2705 34 017 77 9% a0 0.05 MR MR
1427104 aFT 251 13.1% 100 1.35 MR MR
2505 215 0.94 36.58% 220 1.11 MR MR
SHMENNE 220 MR MR
90th Percentile Concentration 386 HR HR

Mote: ME = Mo reduction reguired

A Percent of Days Flow |z Exceeded

L Reductions for individual samples (shaded area) are included for reference only.

Table D-22. Iron Load Calculations for Bear Creek d/s East Branch & West Branch

Biear Creek Flow (@ a . Required Reduction®
S;r;pze confluence) POFE Iron Coneentration to Target to Target - MOS

[cf=) (cfaimi) (%) [pall) (e hmis) [%] [%5]

550001 T2 056 S0.7% 150 045 MR MR
172902 0.0 4 59 B.2% 160 4.05 N MR
2520003 B1.6 4 51 55% 390 1012 NF MR
a7 a3 22 017 77 9% an oov MR MR
90th Percentile Concentration 321 HE HER

Mote: MFE = Mo reduction reguired

a Percernt of Davs Flow |z Exceeded

b Reductions for individual samples (shaded area) are included for reference anly.
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Table D-23. Iron Load Calculations for Previt Branch at Chick House Rd.
. a . Required Reduction®
S;r;tpele Site 13 POFE Iron Concentration 1o Target 1o Target - MOS
(ofs) (cfzimi™) (%] faal) | (bsfdavinic) [%] [9]
212001 016 1. 29 2% S40 354 MR MR
Si5M1 0.09 067 45 5% 00 2849 ]34 MR
112802 0.a4 .28 4 5% 460 15.59 MR MR
EM1M02 ooz 011 g4 5% 940 053 MR 4 3%
1104002 010 076 42 2% 1,660 B.Y7 39.5% 45 5%
212403 083 6.22 4 6% 390 13.08 MR MR
BMEAD3 0.ov 051 53.5% 960 263 [ 6.3%
Sr25803 ooz 016 T9.1% 12,900 11.01 92.2% 93.0%:
112604 045 3.38 9.1% a0 16.02 MR MR
TH2M4 0.0s 0.36 E1 6% 2110 406 52 6% o7 .3%
512405 016 1.23 29.0% 1,770 11.75 43 5% 49 29
M SMNE 930 MR 8.2%
S0th Percentile Concentration 2,076 51.8% 56.6%

Mate: MR = Mo reduction required
a Percernt of Days Flow |z Exceeded
b Reductions far individual samples (shaded area) are included far reference only.
Table D-24. Iron Load Calculations for East Phase 5 Out
. a . Fequired Reduction"
Sg:tpele Site 15 PDFE Iron Concertration o Target to Target - MOS
[cf=) (cfzimi) (%] (gL (lh=fday imi®) [%] [F]
2121 016 1.21 29.2% 1,820 12.55 47 8% 23.1%
=Ih| 0.10 0.74 42.9% 160 .64 MR MR
128102 0.51 £.28 4 5% 860 2914 MR MR
B 02 0.01 011 84 5% 180 011 MR MR
11 14002 010 0.Ye 42 2% 2020 0.2 S0.5% S5 4%
20241003 0.80 5.2 4 5% ES0 2281 MR MR
G E105 0.07 0.51 53.5% 3,100 5.44 B7.7% 71 0%
Si2805 0.0z 016 79.1% 450 0.39 MR MR
102604 0.43 3.38 91% 2,500 41 55 a6.5% G0.9%
Fi204 0.05 .36 G 6% 1,200 2.31 16.7% 25 0%
Si24005 0.1& 1.23 29.0% 1,190 7.00 16.0% 24 4%
SME0E 4,040 75.2% TTT%
$ith Percentile Concentration 3,020 G6.9% Th.2%

Mate:
El

[k}

ME = Mo reduction reguired

Percent of Days Flow |z Exceeded

Feductionz for individual zamples (shaded area) are included for reference only.
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Table D-25. Iron Load Calculations for Chick House Out (Site 1)
. a . Fequired Reduction”
S;:tpele Site 1 FDFE Iron Concentration to Target  |to Target - MOS
[cfz) (cfzimi=) (%) [l (hsidayimic) [%] [%]
1m0 1.02 2648 12.2% &0 a.7 MR MR
94300 n.0s 013 32 .2% 2410 1.75 58 .5% B2 7%
21211 046 1.21 29 2% 350 2 MR MR
ST i1 n.2s 074 42 9% 1,210 486 17 4% 25 6%
102802 237 E.28 4 5% 400 13.55 MR MR
EM1002 0.04 0.11 ad 5% 1,380 0.as 27 5% 34 8%
114002 029 0.yE 42 2% B 200 2529 &3.9% 85.5%
2124103 235 522 4 6% 400 13.42 MR MR
BM B3 014 0.51 53.5% 1,500 411 33.3% 40.0%
2803 n.0g 016 T91% 12,000 1024 = 92 5%
112604 128 3.38 91% 140 346 MR MR
T 204 013 0.36 B1 6% 330 064 MR MR
Si24005 046 1.23 29.0% 720 478 MR MR
M SI0E 320 MR MR
S0th Percentile Concentration 5,063 80.2% 82.2%

Moate: MF = Mo reduction reguired
A Percert of Davs Flow |z Exceeded
b Reductions for individual samples (shaded area) are included for reference anly.
Table D-26. Iron Load Calculations for West 4 Out (Site 8)
. a ) Required Reduction®
Sgr;tpele Site & FDFE Iran Concerntration fo Target  |to Target - MOS
[cis) (cfeimic) (%] [l (lksSdaryimi=) [%] [%]
32100 n.7E 2EQ 12.2%
#3000 0.04 013 82.2% 4 900 356 7O E% 21 B%
2121 0.34 1.21 29.29% 15,700 10289 03 6% 04 3%
S5501 0149 0.E7 45 6% 13,200 47 B3 02 4% 03.2%
12802 1.75 525 4.5% 5500 186.34 &1 .8% &3 6%
51002 .03 0.11 54 5% 1,770 1.10 43.5% 49 2%
11 /4002 0.1 076 42 2% 26,000 106.06 95 2% 95 5%
224003 1.76 522 4 6% 3 500 12076 72.2% 7o 0%
EMEMD3 014 0.51 S3.5% 2 B0 712 Bl 5% BS 4%
D273 n.0s 017 77 A% 14,000 1012 00.9% o 8%
1126104 0.as 3.38 01% B 700 122.00 85.1% 86 6%
T 2004 010 0.36 Bl 6% 10,600 2040 a0 B9 o 5%
ai24005 0.35 1.23 29.0% 7 500 045 86 5% G5.2%
M 5106 1,360 26.5% 33.8%
S0th Percentile Concentration 15,200 93.4% 94.1%

Moate:
]

I

MF = Mo reduction reguired

Percert of Davs Flow |z Exceeded

Reductions for individual samples (shaded area) are included for reference anly.
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Table D-27. Iron Load Calculations for Phillips 10
) a . Fequired Reduction”
S;:tpele Site 10 PDFE Iron Concertration to Target to Target - MOS
[cts) (cizimic) (%] [l (lhsldayimi=) [%] [%]
2121 0.0 1.2 29.2% 1,410 0.24 29.1% 36.2%
=Ty 0.05 074 42 9% 5,370 2 55 a1 4% 83.2%
1528102 0.40 E.28 4 5% 1 650 55.90 39.4% 45 5%
B 2002 0.01 010 85.9% 2370 1.34 57 8% B2 0%
11 15002 0.45 5.93 4 0% 12,000 445 27 M .7% 92 5%
2024105 0.40 522 4 5% 2010 G743 a0.2% 55.2%
102604 022 3.38 91% 1,580 2513 27 5% 34 .8%
Fi204 0.02 .36 G 6% 2750 .24 53.6% 57 .3%
Si24005 0.0 1.23 29.0% 3,140 2084 BE.2% 71.3%
SHMENE 2 E00 B1.5% BS 4%
$ith Percentile Concentration 6,033 33.4% 85.1%
Mate: ME = Mo reduction reguired
a Percent of Days Flow |z Exceeded
b Feductionz for individual zamples (shaded area) are included for reference only.
Table D-28. Iron Load Calculations for Phillips 11
. a . Required Reduction®
Sgr;ntpele Site 11 PDFE Iron Concertration o Target 1o Target - MOS
[cfz) (cfaimi) (9] [l (e imi®) [%] [%]
2M 21 0.03 1.21 29.2% 10,000 £5.53 a0.0%: 1 0%
S50 0.0z 074 42 9% 9,500 39.32 &9.8% a0.5%
1528102 015 G.25 4.5% £9, 750 236319 95 6% 5.7 %
G 2002 .00 010 85.9% 3,100 1.75 B7. 7% 71.0%
1115102 01E £.03 4 0% 14,000 52208 92.9% Q3 6%
2024003 015 B2 4 E% 40,000 1341 .83 a7 5% a7 8%
EM T3 0.01 0.49 S4.8% 12,800 33.90 02, 2% 03.0%
102604 0.08 338 91% 7500 136.57 857 % 85 .0%
5524105 0.03 1.23 29.0% 24,400 161.97 95 9% 95 3%
SHM GG 33,500 97 0% 97 3%
90th Percentile Concentration 42,975 97.7% 97.9%

Mate:
4

Iz

ME = Mo reduction recguired

Percent of Diays Flow |z Exceeded

Reductions far individual samples (shaded area) are included for reference anly.
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Table D-29. Iron Load Calculations for Phi 12/West 3
) a . Fequired Reduction”
S;:tpele Site 12 FDFE Iron Concentration to Target  |to Target - MOS
[cis) (cfeimic) (%] [l (lksSdaryimi=) [%] [%]
2121 029 1.21 29.29% 270 1.77 MR MR
55T ni1s 074 42 9% 3,900 1565 T4 4% TE A%
152802 1.48 E.28 4 5% 7EO 2575 MR MR
B 2002 0.0z 010 85 9% 120 n.oy MR MR
11 15002 1.63 593 4.0% 270 10,09 MR MR
224003 1.47 522 4 5% 520 1744 MR MR
G G103 n1z 0.51 53.5% 670 1.584 MR MR
G285 0.04 016 79.1% a0 0.04 MR MR
1126104 n.aa 3.38 01% 200 16.39 MR MR
T 2004 n.ns 0.36 Bl B% 2850 549 B4 9% B 4%
Si24005 029 1.23 29.0% 1,240 823 19.4% 27 4%
M EI0E B850 MR MR
S0th Percentile Concentration 2,639 62.8% 66.5%
Mote: MR = Mo reduction reguired
a Percert of Days Flowy |z Exceeded
L Reductionz far individual samples (shaded area) are included for reference only.
Table D-30. Iron Load Calculations for Atomic School Road
. a . Required Reduction®
S;r;ntpele Site 5 PDFE Iron Concertration o Target 1o Target - MOS
[cf=) (ctzimi) (%] [l (h=ay imi®) [%] [%]
21100 1.05 268 12.2% 00 135.07 MR MR
94 3100 0.05 013 82.2% G50 0.49 MR MR
2121 0.47 1.2 29.2% 440 288 MR MR
=Ty 0.2a 074 42.9% 280 112 MR MR
12802 248 E.28 4 5% Q30 A1 MR 3.2%
B 2002 0.04 010 85.9% 1 500 .90 3T E% 43.8%
1115002 2 5.95 4 0% 2550 106 .46 G 9% 65 .4%
2025105 183 4 65 G.3% 2260 57.00 55.8% B0.2%
G705 0149 0.49 54 .8% 4200 11.04 76.2% 75 6%
Gi25105 .06 016 79.1% 9,500 537 89.8% a0.5%
1I2604 1.32 338 1% 2500 4552 B0.0% B 0%
TH2104 014 0.36 B B% 2500 481 B0LO% B 0%
24005 048 1.23 29.0% 1,260 836 20 6% 28 6%
SHMENE 7a0 MR MR
90th Percentile Concentration 3,795 73.6% 76.3%

Mate:
a

I3

MR = Mo reduction required

Percent of Days Flowy |z Exceeded

Reductionz far individual samples (shaded area) are included for reference only.
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Table D-31. Required Load Reductions for the Bear Creek Subwatershed

Iron
Monitoring Site Waterbody Name & ID % Reduction % Reduction
for TMDL for LA
@ gage NR =
s P
TND5130104050 - 1000 NR NR
I(Dsrﬁ\élt1 Ig;anch s .
%f;tlgk1l)-louse Out 0 —
I(ESaif; I:g;ase 5 Out oo —
'El?l%tS? ga0n1c(;14lg§(a) r_COr ?83 80.2 82.2
gﬁ;n;School Rd. . —
v(vseitset g)OUt 93.4 941
fsr}lt”éaso;l ° 83.4 95.1
:Dsr}lt”e‘las‘] ; 1 97.7 97.9
|(Dsh'lte:| ?/zv)veSt ’ 62.8 66.5
TNO5130104050 ~ 000 | 977 97.9

* There are currently no point sources in the Bear Creek Subwatershed; therefore, there is no required load
reduction for point sources (WLA).

Any future point sources must meet instream water quality standards at the point of discharge as specified in
their NPDES permit.
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Table D-32. TMDLs, WLAs?® & LAs expressed as daily loads for Impaired Waterbodies
in the Bear Creek Subwatershed (part of HUC 05130104)
. TMDL Explicit MOS LAs
Impalreﬁ Waterbody Impaired Waterbody ID Constituent
ame
[Ibs/day] [Ibs/day] [Ibs/day]
Net Alkalinity 581x10"*Q NA® 581x10"*Q
Bear Creek (mainstem) | TN05130104050 — 1000
Iron 538*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10"*Q NA® 581x10"*Q
East Branch Bear Creek | TN05130104050 — 0100
Iron 538*Q 5.38x10"*Q 4.842*Q
Net Alkalinity 581x10"*Q NA® 581x10"*Q
rest Branch Bear TN05130104050 — 0200 -
Iron 5.38*Q 538x107*Q 4842*Q
Notes:  NA = Not Applicable.

a.

Q = Mean Daily Flow (cfs).
There are currently no point sources in the Bear Creek Subwatershed; therefore, there is no required load reduction for point
sources (WLA). Any future point sources must meet instream water quality standards at the point of discharge as specified in their

NPDES permit.

For development of net alkalinity TMDLs, an implicit MOS was incorporated through the use of conservative modeling assumptions
(see Section 7.2).
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APPENDIX E

Hydrodynamic Modeling Methodology
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E.1 Model Selection

The Loading Simulation Program C++ (LSPC) was selected for TMDL analyses of pH- and metal-
impaired waters in the South Fork Cumberland River watershed. LSPC is a watershed model
capable of performing flow routing through stream reaches. LSPC is a dynamic watershed model
based on the Hydrologic Simulation Program — Fortran (HSPF).

E.2 Model Set Up

The South Fork Cumberland River watershed was delineated into subwatersheds in order to
facilitate model hydrologic calibration. Boundaries were constructed so that subwatershed “pour
points” coincided with HUC-12 delineations, impaired waterbodies, and water quality monitoring
stations. Watershed delineation was based on the NHD stream coverage and Digital Elevation
Model (DEM) data. This discretization facilitates simulation of daily flows at water quality monitoring
stations.

Several computer-based tools were utilized to generate input data for the LSPC model. The
Watershed Characterization System (WCS), a geographic information system (GIS) tool, was used
to display, analyze, and compile available information to support hydrology model simulations for
the South Fork Cumberland River subwatersheds. This information includes land use categories,
point source dischargers, soil types and characteristics, population data (human and livestock), and
stream characteristics.

An important factor influencing model results is the precipitation data contained in the
meteorological data file used in the simulation. Weather data from the Knoxville meteorological
station were available for the time period from January 1980 through December 2005.
Meteorological data for a selected 11-year period were used for all simulations. The first year of
this period was used for model stabilization with simulation data from the subsequent 10-year
period (10/1/95 — 9/30/05) used for TMDL analysis.

E.3 Model Calibration

Hydrologic calibration of the watershed model involves comparison of simulated streamflow to
historic streamflow data from U.S. Geological Survey (USGS) stream gaging stations for the same
period of time. A USGS continuous record station located in the South Fork Cumberland River
Watershed with a sufficiently long and recent historical record was selected as a basis of the
hydrology calibration. The USGS station was selected based on similarity of drainage area, Level
IV ecoregion, land use, and topography. The calibration involved comparison of simulated and
observed hydrographs until statistical stream volumes and flows were within acceptable ranges as
reported in the literature (Lumb, et al., 1994).

Initial values for hydrologic variables were taken from an EPA developed default data set. During
the calibration process, model parameters were adjusted within reasonable constraints until
acceptable agreement was achieved between simulated and observed streamflow. Model
parameters adjusted include: evapotranspiration, infiltration, upper and lower zone storage,
groundwater storage, recession, losses to the deep groundwater system, and interflow discharge.

The results of the hydrologic calibration for New River at New River, Tennessee, USGS Station
03408500, are shown in Table E-1 and Figures E-1 and E-2.
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Table E-1  Hydrologic Calibration Summary: New River, USGS 03408500
381.96
Simulation Hame: 3405300 Simulation Period:
Mewy River @ hew River Watershed Area (ac): 244456 93
Pariod for Flow Analysis
Begin Dato; 070198 Baseflow PERCEHTILE: 258
End Date: 06:30/04 Usigily 196-5%
Total Simulated In-stresm Flow: 130.26 Tatal Chzerved In-stream Flow: 137.03
Total of highest 10% flowes: .67 Tatal of Obhzerved highest 10% flowes: 74.48
Total of lovwest S0% flows: .23 Tatal of Observed Lowest S09% flawes: .M
=imulated Summer Flawe “alume [ manths 7-97 15.86 Obzerved Summer Flows “alume (7-90; 10,63
Simulated Fall Flow Walume (months 10-12% 18.27 Obzerved Fall Flow Wolume (1012 19.77
Simulated Winter Flow Yolume (morths 1-30; 60.40 Ohserved Winter Flow WValume (1-3 65.07
imulated Spring Flows Yolume (marths 4-87: 35.73 Obzerved Spring Flow: Wolume (4-87: 41.55
Total Simulated Starm Wolume: 128.87 Tatal Chzerved Starm S alume: 136.42
Simulated Summer Storm Volume (7-97 15.52 Ohserved Summer Starm Volume (7-97 10.48
Ervors (Simuliated-Obsened) Recommended Criteria Last run
Etrar in tatal wolume: -1.94 10
Errar in S0% lowest flows: 4.04 10
Errar in 10% highest flowes: -3.78 14
Zeasonal volume errar - Sumimer: 49,15 30
Zeazonal volume errar - Fall: -71.63 30
Seasonal volume errar - Wirter: -8 30
Seazonal volume errar - Spring: -14.00 30
Etrar in storm vaolumes: -5.54 20
Errar in summer starm volumes: 48.04 50

Criteria for Median Monthly Flow Comparisons

Loweer Bound [Percentile’:
Upper Bound (Percertils):

23
T3

2.
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» Observed flow (7/1/1998 to 6/30/2004) - Maodeled flow over the same period
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Figure E-1. Hydrologic Calibration: New River, USGS 03408500

Tatal Rainfall {in) —— Observed Flow ——Modeled Flow
N —— T Tt T PP PP PR o
1
25000 L5
=
20000 L 3 £
7 4T
= E
£ 15000 4 rs =
[=} —
T 6=
10000 4 L7 2
5000 8
F9
04 A bt = L e S N i G W G i PR T, L 10
10411997 1041/1998 10/1/1999 10/1,/2000 10412001 10/1/2002 10/1,/2003 1041,/2004

Time

Figure E-2. 7-Year Hydrologic Comparison: New River, USGS 03408500
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APPENDIX F

Comparison of Recent Monitoring Data to Historical Data
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Figures F-1 thru F-10 display pH for the time period 2000 thru 2006 compared to the
baseline pH. The baseline pH for the mainstem Bear Creek stations is the mean pH
reported by TVA for the time period 1982 thru 1984 (see Table B-1). The baseline pH for
East Branch and West Branch Bear Creek and their tributaries is the observed pH reported
by USFWS in 1995 (see Table B-2).

In all cases, the majority of pH values at each station for the time period 2000 thru 2006
were higher than the baseline pH value at each station. This suggests that improvement
has occurred as the result of reclamation efforts in the Bear Creek watershed.

Figures F-11 thru F-20 display calculated net alkalinity concentrations for the time period
2000 thru 2006 compared to the baseline net alkalinity. The baseline net alkalinity for the
Bear Creek stations is calculated from the mean acidity and mean total alkalinity reported by
TVA for the time period 1982 thru 1984 (see Table B-1). The baseline net alkalinity for East
Branch and West Branch Bear Creek and their tributaries is calculated from the observed
acidity and total alkalinity reported by USFWS in 1995 (see Table B-2).

In most cases, the majority of net alkalinity values at each station for the time period 2000
thru 2006 were higher than the baseline net alkalinity value at each station. This suggests
that improvement has occurred as the result of reclamation efforts in the Bear Creek
watershed. However, net alkalinity values at West 4 Out (Site 8) and Atomic School Road
do not appear to have improved.

Figure F-21 thru F-30 display total iron concentrations for the time period 2000 thru 2006
compared to the baseline total iron concentration. The baseline total iron concentration for
the Bear Creek stations is the mean total iron concentration reported by TVA for the time
period 1982 thru 1984 (see Table B-1). The baseline total iron concentration for East
Branch and West Branch Bear Creek and their tributaries is the observed total iron
concentration reported by USFWS in 1995 (see Table B-2).

The total iron concentrations at each station for the time period 2000 thru 2006 compared to
the baseline iron concentration at each station do not appear to follow a single trend. Total
iron concentrations for both mainstem Bear Creek sites, Previt Branch, and Chick House
Out (Site 1) appear to have decreased compared to baseline concentrations except for
occasional high values. The high values do not appear to be the results of rainfall events.
For Chick House Out (Site 1), the concentrations appear to increase as pH increases. Total
iron concentrations for East Phase 5 Out appear to be relatively unchanged with no
extremely high values. This suggests that improvement has occurred as the result of
reclamation efforts in the East Branch Bear Creek subwatershed. However, total iron
concentrations for all West Branch tributary sites appear to have increased rather than
decreased. The reason for this trend is not known. For Phillips 11, the concentrations
appear to increase as pH increases.
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Figure F-1 pH Values for Bear Creek at Gaging Station (2000-2006)
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Figure F-2 pH Values for Bear Creek d/s East Branch & West Branch (2000-2006)
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Figure F-3 pH Values for Previt Branch at Chick House Rd. (2000-2006)
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Figure F-4 pH Values for East Phase 5 Out (2000-2006)



pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page F-5 of F-17

7.a

6.5 4

55 *

pH
(a3}
*

Baseline = 4.6
45 *

35 A

25 T T T T T T
14100 1242100 1242101 1243102 12/3103 12/3104 12431105

Date

Figure F-5 pH Values for Chick House Out (Site 1) (2000-2006)
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Figure F-6 pH Values for West 4 Out (Site 8) (2000-2006)
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Figure F-7 pH Values for Phillips 10 (2000-2006)
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Figure F-8 pH Values for Phillips 11 (2000-2006)
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Figure F-11  Net Alkalinity Concentrations for Bear Creek at Gaging Station (2000-2006)
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Figure F-12 Net Alkalinity Concentrations for Bear Creek d/s East Branch & West
Branch (2000-2006)
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Figure F-15 Net Alkalinity Concentrations for Chick House Out (Site 1) (2000-2006)
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Figure F-17 Net Alkalinity Concentrations for Phillips 10 (2000-2006)
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Figure F-18 Net Alkalinity Concentrations for Phillips 11 (2000-2006)
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Figure F-22 Iron Concentrations for Bear Creek d/s East Branch & West Branch
(2000-2006)
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Figure F-23 Iron Concentrations for Previt Branch at Chick House Rd. (2000-2006)
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Figure F-24 Iron Concentrations for East Phase 5 Out (2000-2006)
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Figure F-25 Iron Concentrations for Chick House Out (Site 1) (2000-2006)
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Figure F-26 Iron Concentrations for West 4 Out (Site 8) (2000-2006)
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Figure F-27 Iron Concentrations for Phillips 10 (2000-2006)
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Figure F-28 Iron Concentrations for Phillips 11 (2000-2006)



Fe (mgiL)

Fe {mg/L)

pH and Iron TMDL

South Fork Cumberland River Watershed (HUC 05130104)
7/25/07 - Final

Page F-17 of F-17

B0
70 4
60
a0 4
40
30 4
20 4
10 A
Baseline = 0.365 & N
i} _____u_"_____u"'__:__‘_u"'_‘_F_NL____.__L__.__"___
111400 12/31/00 1273170 12131702 12131703 12/31/04 12131705
Date
Figure F-29 Iron Concentrations for Phi 12/West 3 (2000-2006)
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Figure F-30 Iron Concentrations for Atomic School Road (2000-2006)
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STATE OF TENNESSEE
DEPARTMENT OF ENVIRONMENT AND CONSERVATION
DIVISION OF WATER POLLUTION CONTROL

PUBLIC NOTICE OF AVAILABILITY OF PROPOSED
TOTAL MAXIMUM DAILY LOADS (TMDLs) FOR pH, Iron, Manganese, and Aluminum
IN
THE BEAR CREEK SUBWATERSHED
SOUTH FORK CUMBERLAND RIVER WATERSHED (HUC 05130104), TENNESSEE

Announcement is hereby given of the availability of Tennessee’s proposed Total Maximum Daily Loads
(TMDLs) for pH, iron, manganese, and aluminum in the Bear Creek subwatershed, located in middle and
eastern Tennessee. Section 303(d) of the Clean Water Act requires states to develop TMDLs for waters on
their impaired waters list. TMDLs must determine the allowable pollutant load that the water can assimilate,
allocate that load among the various point and nonpoint sources, include a margin of safety, and address
seasonality.

Bear Creek and East Branch Bear Creek are listed on Tennessee’s Final 2006 303(d) list as not
supporting designated use classifications due, in part, to low pH and iron associated with abandoned
mines. The TMDL utilizes Tennessee’s general water quality criteria, net alkalinity (as CaCO;) as a
surrogate for pH, USGS continuous record station flow data, in-stream water quality monitoring data, a
calibrated dynamic water quality model, load duration curves, and an appropriate Margin of Safety
(MOS) to establish loadings of net alkalinity (as CaCO;) which will result in the attainment of water
quality standards for pH.

The proposed Bear Creek pH, Iron, Manganese, and Aluminum TMDLs may be downloaded from
the Department of Environment and Conservation website:

http://lwww.state.tn.us/environment/wpc/tmdl/

Technical questions regarding these TMDLs should be directed to the following members of the Division of
Water Pollution Control staff:

Vicki S. Steed, P.E., Watershed Management Section
Telephone: 615-532-0707

Sherry H. Wang, Ph.D., Watershed Management Section
Telephone: 615-532-0656

Persons wishing to comment on the proposed TMDLs are invited to submit their comments in writing no later
than July 16, 2007 to:
Division of Water Pollution Control
Watershed Management Section
7" Floor, L & C Annex
401 Church Street
Nashville, TN 37243-1534

All comments received prior to that date will be considered when revising the TMDL for final submittal to the
U.S. Environmental Protection Agency.

The TMDL and supporting information are on file at the Division of Water Pollution Control, 6" Floor, L & C
Annex, 401 Church Street, Nashville, Tennessee. They may be inspected during normal office hours. Copies
of the information on file are available on request.



